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Density [ton/mm?] 2.41x107°
Melting point [°C] 1400
Boiling point [°C] 2977
Surface tension [N/mm] 7.5x107>
Kinematic viscosity (solid) [mm?/s] 186.61
Heat of melting [m]/mm?] 4317.35
Heat of evaporation [m]J/mm?] 76551.0
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"= temperature

Temperature range in which liquid particles exist

Melting area

Depth 5,00 mm
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APPLICATION OF HIGH POWER LASER
TOWARD ADVANCED DEMOLITION OF INFRASTRUCTURE

Toshihiro KAMEDA, Yuto MURATE and Yosuke KAWAHITO

In Japan, the number of people involved in the construction industry is decreasing, therefore, “i-Con-
struction” is led by Ministry of Land, Infrastructure, Transport and Tourism, in order to improve produc-
tivity of construction field. Advanced maintenance, management, and demolition and removal of concrete
infrastructures older than 50 years is an important theme, and especially in urban areas, less noise and dust
are required during the work, however, conventional methods often present difficulties in providing appro-
priate countermeasure. In recent years, it has been shown that several hundred mm thick concrete can be
cut with low noise and dust by utilizing high-power lasers, and this technology can contribute to the auto-
mation of repair and demolition of infrastructures. Toward the practical application of this technology, the
variables such as laser output power, head speed, direction of laser irradiation must be controlled based on
predictions, therefore, this study attempts to reproduce the melting phenomenon of concrete material by
numerical simulation using the particle method. Furthermore, to make this technology more practical, we
tried to reduce the number of parameters that need to be identified by experiments. As a result, we proposed
a method to identify parameters by a simple experiment and to quantitatively reproduce the melting rate of
concrete by a high-power laser in a numerical simulation.
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Attempt to Implement of Total Amount Measuring Management Method Utilizing
Al '/ IoT for Concrete Recieved at Construction Site

Satoko NAOMATCHI, Takeshi OHTOMO, Shun-ichi HATAKEYAMA,
Takaya WATANABE, Shunsuke SATO, Masahiro ITO and Haruaki ISHIDA

The authors examined Al / IoT technologies that can replace the on-site acceptance test for concrete, as
well as methods for measuring the total amount of air, temperature, and compressive strength, in addition
to slump and unit water content. We applied it to the actual construction site and extracted the problems.
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Evaluation System of Construction History of Concrete Structures Considering
the Performance of Concrete Received at Construction Sites

Takeshi OHTOMO, Shun-ichi HATAKEYAMA, Saburo KATAYAMA,
Shunsuke SATO, Masato HASEGAWA and Haruaki ISHIDA

The authors devised a method to measure the quality of the total amount of concrete received at the
construction site in the concrete construction work, integrate it with the time history and position infor-
mation related to the concrete placement work, and displaied the results on CIM model.
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Expanding to the Process of Procurement-Manufacturing-Transportation-on-site
Acceptance of Concrete of Cloud Sharing QC System with Automation Efficiency

Takaya WATANABE, Yuya CHIBA, Akira OHOKA, Toshihide HASHIGUCHI,
Takeshi OHTOMO and Shun-ichi HATAKEYAMA

The authors are developing a system for sharing data on ready-mixed concrete in real time on the cloud
by construction and supervision personnel. This was expanded to the concrete procurement process, and
in addition to manufacturing, further automation was promoted for transportation and on-site acceptance.
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DEVELOPMENT OF CONSTRUCTION MANAGEMENT SYSTEM FOR
EARTHWORK CONSIDERING DATA & SYSTEM COLLABORATIVE
PLATFORM AT CONCTRUCTION STAGE

Fumiya MATSUSHITA and Kazumasa OZAWA

In this research, as a use case of a construction management system that incorporates the data & system
collaborative platform, a system architecture for the as-build control system of earthwork are discussed.
In addition, developing the prototype and the mothod of verification test is proposed.
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CONSTRUCTION MANAGEMENT SYSTEM UTILIZING “DATA AND SYSTEM
LINKAGE PLATFORM” AND DEPLOYMENT TO COOPERATIVE AREA

Takafumi YAMANAKA, Tomohide YUASA and Kazumasa OZAWA

Construction management system utilizing “Data and System Linkage Platform” consists of 3 layers:
data acquisition layer, linkage platform layer, application layer. By managing of various data and using
between applications of construction management, it will be a useful tools for work style reform. In the
construction phase, we also mention a system that is considered as a cooperative area.
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DEVELOPMENT OF MANAGEMENT SYSTEM FOR MOUNTAIN TUNNEL
CONSTRUCTION SITE USING Al AND loT TECHNOLOGIES

Yoshitaka KOKETSU, Koichiro HAYASHI, Hiroaki SATO, Kazushi KAJIYA,
Tetsuro MARUTA, Yoshio IWASUMI and Kazuyuki MONTA

In recent years, technology development is being carried out mainly for face work in mountain tunnels to solve la-
bor-related issues such as labor shortage and difficulty in technology transfer due to declining population. On the oth-
er hand, it is assumed that labor productivity of site management work should be improved because there is still a lot
of work that is visually confirmed and manually performed. In this study, “Al Tunnel Construction Site Management
System” using Al and 10T technologies was developed to automate the management work in the tunnel construction
site, and several results and issues of each elemental technology were obtained in the field application. Authors will
continue to improve this system and utilize Al and loT technologies for the automatic control of heavy machinery to
promote the development of automated and unmanned construction of mountain tunnels.
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DEVELOPMENT OF 3D LASER SCANNER SYSTEM MOUNTED ON A
CONSTRUCTION MACHINERY FOR CONSTRUCTION MANAGEMENT

Yasuhiro KATO, Ryuichi IMAI, Kenji TAIRA, Kenji NAKAMURA and Y oshinori
TSUKADA

This study aims to develop a 3D lazer scanner system mounted on a constrctuion machinery, such as
static pneumatic tire roller. 3D lazer scanner system consists of lazer scanner, IMU, GNSS antenna, and

other equipment.

This system enables the acquisition of 3D point cloud data of road contours, point cloud processing
within one hour, share and represent point cloud data using cloud system. The data acquired by this system
is used for construction management at the road construction stage.



ZHalnli-ConstructionDHELEIZ BE -5 AR T T 4520227

FUoT I v 0 DERBEICEDLS
VRITTOHERSHR=EEIFELE AT LDREFE

] Al e /g

NESB  HAURERZFEGILFEITE R

i

—JE2 =T ARES

TAARAFZERE (T 113-8656 HUTHR SR IX AL T H3-1)

E-mail:k.miyaoka@shimz.co.jp

2 zn—aB K EREGRH TSR

TAARAFZERE (T 113-8656 HURHR SR KA L T H3-1)

E-mail:ozawa@i-con.u-tokyo.ac.jp

AR

Aett BRZeRT (T 135-8530 BETEL R IXE T B =T H4-17)

E-mail:y-miyashita@shimz.co.jp

BRI OB T D AEENN Lo RIICHT Y, BRBICBW T o —STHE LFERZ2IEH LTt
TEHZueY ZAOHMEEX L Z EXAERITH D, BUE L2 TEROBBRER cods - Exr X5 Lk
T, HHROMKEEOHMENPITFETHY, Try s Fx—r b RAv—brar T 7 MRV TER

ZREATDHVAT LAOREIED LTINS, ABETIE,

OB AT MCHEET S L ABEL,

FrTRTy ZICHER LI o= b G LA I H ke R B ABR T2 0 X7 L2 L,
PHFE L7 AT LT XD EBRFHBIRO R Z MRS D Z LR TE 2.

Key Words : Process Automation, Quantity for cut and fill works, Blockchain, Smart Contract

1. AREBM

IR, [EH A58 O i-Constuction DB D &, A fE
o —Z O CERBUEOFRAZ UG L, i LaHc
TEHT 280 MDD BTN DD, BB 04
PEA_ EOFEHITIE, NS0T VX MEREEH L
TEHRTa v AOHBLEZXD Z ENERTHS.

S U 7o TR A B T - pitld Haafe Tk
TEROWEY A7 BN D120, RO E IO R
HETHD. ZOREIIHLTE, BREohvay s
==V EAY—har b T 7 MEAWTRES - tGine

FHEMOHPRIEA 2 BT 5 VAT Lz BFE LT %2,

Tuy 7 F =0, RMEEHROMUEE M2 RS 55
ichH, A~v~—hrarb77 ML, TuysFo—r
L oiERE TS HE % BB T 25
LTHBI). Lk, oy rsFz—rbAxv—|z
VIO hEEELEVATA UUT, Tyl Fe—
YORME AT L) BHEHTH LT, B THRS LT
i TAEROMMSEMEZ LR L7 BT, ZERIZ S
T LA v AOHENEI TN FREL 725,
AMFFETIX, TOHMES 2T L LEHET 5 2 L 2R
2, U TOHSREERICERL, B —TCHEL

TG ks 2 BERICE T 2 2 27 L% B
FE LTz, DA R 2R ET oL L b
(2, VAT DOPIVEDHERIZ A T 21T 5

2. HIRDOREEH

Ut ToskeEsEy, BEEokamnt, Hid
i, AR E, BRA e BENCRIHL, BEITSUTT
TROBUSG « BRHIENRR S, FlE LT, BEZFOH
Skt oA L—F— A%y F—IC LV ERIIT S
Ba, R8T Y =T OBEReT — 2 L
FHENE FAS@E OBEREICB W THESNh TV Y. &K
eI, HikEEEOH THLIGERAN LTI A ¥
—DOSFLNTHIHT 2 EE RS LT 5

YKL T OV 774 F =2— 2 OFZRNRT. —Ik
FHREF IV T Ao TARZHEY L, “UGEA
EEIRE A, ER EOFHEEA YT 5. R
NTERE L & —IRFEA S DY T T.ORKER Of
Py, SISO TS (1, HERoFESE) 15
U CEREE N R 50, AT, BTt - &
e« Bt O—EHOVEEEATH BHEB A XIR LT 5.



i?ﬂi%&
IR AREY
Bk ek TR

‘@ tT |

i ¥
L 2BBEAEEA
i

2MEEREED
|- i 1 3

B Ut LoY IS4 Fe—r

&1 TiRath - —UGERFEE DU T.OIKM

) . . e . 4AOR SHOH
HH - Rk - HE . &5 I, I,
Hiffh Hiske v A | ok m B
" m3
BT A
01 B 5,000 1,000 2,000
+w (F&+) OO
1,000 | 5,000,000 | 1,000,000 | 2,000,000
m3
Y%+ TB
02 5,000 1,000 2,000
s OO
1,200 | 6,000,000 | 1,200,000 | 24,000,000

3. fEkDHXEHEEHTOER

HERDIEFERAN S —UGERAEE ~DIFNZBIT D
HkEEEREN Y 0 222177, HkEkEs,
2T N T 7 OEMREE A ZE I LTS, Y
H, TSI T 2T NIX T N 7 DO
Beteiekd 5. EERL, #7704
— 2 - BT ONE L IERIEE A, ERGERER IS T
X THERT 5. (EERTH, —REEAERIERGR
RHEPEL, YHOFEE =7 B — NMIATTS.
i H OHSKREAERICIE, —ReHASIHIIEATEE /I
WU H ORHERE AR L, JGEARtciEH T 5. tiE
S TAEFL S 2T MBS LT Ea i & 65
DFEEYEOERF L OER ST STE B [H CEEN
WERERL, HREBREAIET 5.

ZOT AR hREE LT, Rk, HEiHRO
VERE L OMEGRIEEL, Juisatt - 7' T4 v—oR7
IZE-TRIEE - TWA. F77, ERITEOERE &

T IKHARE  RMARE
B | M TAFEIS T A0 IR RS R MERR
% | mmoxous
%
: A EOEFHEIER
. A BORFH KR
=
T garromnn
& —
5 | HE B EORE

B2 FERDIINTRIT B HIEEEE T 7 A

FalEli-ConstructionDHEREIZBE 35 LR T £2022.7

VT RNTG I DFN—F ORI LT, AR
ARSI AE T D ATREMEN B 5.

Tl

4. FRLE-HXSHEETELE AT LA

AU THATE Lo HkE & BB R H S AT A
DKERL & 71— % B-31TR T

(1) D RTL - HEERHERL
ARATAE, XTIy o —, =y
varta—#, 779 Rh—"—THikEhb. &
H—IZIEGNSS & 3D LIDARD2FED ¥ oY — A9 5.
3D LiDARIZ-OWN T, Livoxtt:0> Horizon LiDARY % ]
L.

(2 HXREHEEHEHOTIO—

a) T Y—IC&BT—AEE

GNSS & 3D LIDARIZIAZ > 7 b T 7 OERE I
REL, frEERE ST 2L oy Yary
2 —HICKETH. W, 3DLDARIZZ VT FT v 7D
iR OO ST — 2 B3 5.

by TwyParvEai—42THOT—3NE

Ty Varta—XOKEEY, B —hooT—#
WL, MEET =2 AW 7 b T v 7 OVEEIREE
HETHD., RUVATLATIIZ T bT v 7 OFEERRE
L LT, cany (FEFEATWDIREE) , dump up (+%
FEALTWDIRAE) , empty (ZEffdIRAE) DIFAZ X
LT, MERREEDHEICBNTIL, H O UDRIEE
IRHBIZI T DB D RBET — % DT — 52 ZIEE L,
AIFET L 2RSS LUT-. 3D LIDAR CTHEUS L7 ST — %
MOHAIET NV AW TCOIREIZE 7 N T v 7 OIE3E
WREZHEL, 1TEERENEITHXAIL T T, T2
R T — XA ZEET .

fi ¥ —: GNSS, 3D LiDAR

T —Ic LT — S |

- LS

Ee Be)

‘D

TyPata—4
| A |

= BT

%

DU oM TEEE T OHE |
I

@F LTy rOIEDEROHE |

¥

DB kAR — 5 ol |

IFYK—rS—
|
|
|

B3 HBRER BRI A7 AR & 70—



c) 75 KH—/I\—TOHT—2E

777 RY—_—T%, oKX T NT v 7B
FLicT—2%fa L, HekmfER I 7=7 —4
WFRZETT S .
OYIRE Lol TAAPE= U 7 OHE

BIRE T.oE TP TIL, SN2 Ema oy E
LI TAERRT Y 7 2RETH. B —0biiF LT
LTS () %, 770 RY——I 7 Lok
TEHTY 7Oy 7 ERETHZ LT, KERITIIT
HUE O TR Y 7 2HEd 5.
Q@F 7~ T v 7 OIRIOEMOHIE

2T N T w7 OVEFERRED camy—dump up—empty &
BT 5 L, BILGE0BRELLIG~D R OER I T
T2l TNEFALT, £X T N7y ORF
RINT— 4 OB OTERZHET 5.
OFRIEREREL - okt ET — & O1Ek

ERRRE A FH T A I &2 AT LD — A — oA L H
—7x—ALETHEELT, OTEKRLET—% %5,
BE LI Z 7 b T v 7 ORRTERIEES IOk
EHEAEHT S, HkEE, —EOERYS -0 0
R (10D X 7 R T v 7 DA 60m3) %#dH

LMCOBRELT, MIEREEIIRES Z L THRIHTS.

KAT TR LT T — 2 Bl R-BITRT .

5. AU Fz—2DEBATLOER

B Lok m A E A AT AT ry I F =
— L DEMES AT LA U HRE A O M A R
AoRT. Tay Il Fe—r O 2T ML, F

K2 V70U Ry "—~HET D —HUGT— X DA

7 — XA EHA T — 5B
H 1D device_ID Dumpl
54 timestamp | 2022-05-01_12:00:00
AL (XHEEAE) X -5012.9176
AriE (YHERE) Y -83426.1653
1 height 145.00
(ENE dumpstate Carry

R3 AERAEL - ERS T —

7 — X HH papred 7 — 5
TEEIIH (BAR) day_start 2022-05-01
EZEMM (& 7) day end 2022-05-31

Bty 7 Area_carry E5

Bl m & Height_carry 40.05

2 == e Area_dumpup C6

HE B I H (1) carry_count 40
Hi SR = e (m3) carry_volume 240

FalEli-ConstructionDHEREIZBE 35 LR T £2022.7

TIIER GBOID, EHE AR, HAL AN, 20
YEss) #A~v—har b7 7 MCATT%. HkEEk
BHBFEH Y AT 20361, RIATRLEZT—4 &7 1
I F o= DI AT MUNCHET D, Z ORI
T—=B AL —UIRF SN, BWETERNBDERD.
BITE A & HREREDOAS T 24T H 12012, Ta v
Fx— O AT M, FHEE L TEET Y
7 Y EESOREE R LT 2 EETS (R4) .
INERITORLIET—HERET 52 LT, SHKIEE
motkESEAEEL, A~—Fa 77 MIAT
T5.

UbXy, IR LI AT ATy 7 Fo—2 DR
ML AT LT 5 2 LT, i IiFRE ciEatt s
TIA Y —TRETELLDE LTREL, 2RICES
< HEEEDORMZIT ) Z LR AMREL 70 5.

6. HERSHEDBEHRHICLYFELNIIR

WS~ e T ) 7B LT, B8 LIERERDOH
kEgcEF T e AR A EER AR L. £
DFERZRBIIRT.

AEIBEIZE LIz AT A ZBUBISEAT BICH =~ T,
GNSS/RDFRE, oV —0i%kE, 77 v Kh——F|
HRBEOBEEOHERIEEIL, 1RREETS. £/,
KT N Ty 7 OVEERIEHIEIE T 2B 0 mEET
— X DT — 5 B CRUST D ENHHD, Z0D
VR EHRRE AT S, T TURT AEAKIT,

T T Ill)&ﬁ‘&ﬁﬂ
I o Lok oA m)
il BB AT 2
ID | T H | B | B |- +4— [ ok
1111|9058 L TA| m3 |1.000 |- | || Hufi o B

—{ Ty IF . — IR AT A H
(=

=7 —FAbRL—1F >

S e B

Hfaowd AL - —RHAL

- HE TE RO

FLE9ID:1111

K4 TovrFo—r O AT LEHE LTS

T4 HEA L TERT YT - U@ S OfEER

PEE | ROEED| WL 7| OHEE |ty T
B TA ES 50.00~380.00 c6
b () 1111 E6 50.00~80.00 c7

(O]®}:i]




=5 kOB ER T v 2B DT

ML XT L8ek | TitRth 55y

VE¥ SR LSRR AR TRFEAEE 504y

% H HfEOEHRIER | —REEAES 154y
FrABE%7=9) A — 1RFfE 1043

| HmoSERERER | KRS I

BXR] satmome it 305
FamAH=Y) B — 1IR30
REAAHZY)  (Ax20H +B) 24FEEI3057

ERSEOEHM AR ET 52— —A v H—T = —
A ECOEMEER RO CHBIICAEEZFT 5 Z LN FRET
bV, KiELEHBRHOERZXS Z LN TES. 4,
BHOWTE, JIIEHE L X T T v 71607
DRBSHTM (Bot—, Boh—0RERE, —y Y=
VEa—HEET) AEL, BAKIE 777U RP—A
—OFHEE (BKR2BM) WE-ETH. FIEIEHICOW
T, B —OREOREGEORG A ED S Z LT,
SHIREX D Z ERNAFETH D LB HND.

7. NABIEES AT LOEEIZREITT

B D AFENER EOFEBUZ AT T, AT LD
WHMEOMERVETH S, AEfEH L723D LDARIZ
Livoxft: ®Horizon LIDARC#& %573, 3D LIDARIIAR & 72 A
— =R LTS, F, AT TS LG
— X EAICTHNT L, BEMRONESCBEMRI & 7855 v
AT LB SN TEY9, GNSS, LIDARLSID LT
B U7t b k@@ B HARE TH D, Lo T
BUGOR TAM-CTRIDG U T, a2 T—X O
BEEERCTE D ZENEE LV, &5, B LIZVA
T LNTCIIHSREE LA G & LT, R - R
Vo T fiE TEBEER ORI THLMETH S, ZHUuT
SNThH, L—PF—2F ¥ F—THRG LIl — 4 %
AW HSIEEBIRe, GNSS & &Y o —% -

ZHalnli-ConstructionDHELEIZ BE -5 AR T T 4520227

T O E D HAL TN DD,

UbzBEZ D E, BIGNOEG LGRS 7w v 7

F o — DM AT N Ui TAAEE T a2
BEEITONbEE 25 LT, ey s Fa—rn
s AT MR T D TR SRR LT 5 4
ERDH D, ZOFEBUL, T —XAEOT — XA
Dk, a— MMbER5Z ENRBRETHY, BEFEOR
RIERHARRE S B ITRE 2 ED T E T,

8.

BEnHYIc

AHFETIE, Tay s Fo—r DM AT L L

T35 L ARHEC, o — b ORISR A It
2ttt L YT A —DRENNTIT B S E RO B )
BHAEITY VAT LAZBARE L. B LIV AT AICK

9,

Jtantl « 7T A Y —OIEFRFR OB IR T

DI EEMWERTHENTE-. 5%, e TS
B AT AOREEIZIANT T, B S EUST D T
DOESRLIZOW TR D 5.

SE3

1))

2)

3)
4)

5)
6)
7)

[ 1423844 : i-Construction DHEE, pp.6,
http://www.mlit.go.jp/common/001149595.pdf
P ICER, ANEHE M LA ERIE SR O B 2
T2 7my s Fo—rERAnHRERES AT
A, EARFLSFHIE F4 (ER~RV AN, ppl-
11, 2021.
IBM : https://www.ibm.com/jp-ja/topics/smart-contracts
Eta2mEE R L — Y — 2%y F—Z AVl
RkEEHOBEE - mAZESE (LLK) (%),
https://www.mlit.go.jp/sogoseisaku/constplan/content/0013
40122.pdf, 2022
LIVOX HORIZON : https://www.livoxtech.com
LANDLOG 7~ — 2 X— : https://www.landlog.jp/
145384 : i-Construction~ g% Bid5 D AEFENEN Lo
B Y AUV T~, pp.3,
https://www.mlit.go.jp/common/001118342.pdf
(2022.5.20 241)

DEVELOPMENT OF AN AUTOMATIC MEASUREMENT SYSTEM
FOR CUT AND FILL WORKS
BASED ON THE QUANTITY HAULED BY DUMP TRUCKS

Kanae MIYAOKA, Kazumasa OZAWA and Yuuki MIYASHITA

In order to improve productivity at construction sites, it is effective to automate the construction man-
agement process by utilizing information acquired by sensors and other devices on construction site. In
this study, we developed a system that automatically measures the quantity of workpiece based on infor-
mation obtained from sensors mounted on dump trucks, which is applied to the contract between a main
contractor and a sub-contractor for efficient measurement and smooth payment.
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CLOUD BASED DATA MANAGEMENT FOR CONSTRUCTION OF
PRESTRESSED CONCRETE SUPERSTRUCTURE USING DIGITAL TWIN

Masayoshi IWASE, Yoshiyuki WAKABAYASHI and Sadayuki NAGAKI

In recent years, BIM/CIM has been used on construction sites to improve labor productivity and to advance quality con-
trol efficiency. A digital twin, a virtual model to accurately reflect a physical object from real time data by using IoT,
has attracted much attention. In addition, mixed-reality technology has been applied to bridge construction to visualize
the virtual model in the real world. However, these technology systems have not been efficiently linked together and
effects by the digital transformation are limited to each stage of the construction work or quality control. The 4D
BIM/CIM cloud based data management system was established to integrate the data from the measurement sensors,

quality information, and site progress.
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DEVELOPMENT OF Advanced a SYSTEM (Part 1)
-A NEW METHOD FOR QUALITY CONTROL IN FILED SOIL COMPACTION-

Yusen INAGAWA, Hiroshi FURUYA, Ko MATSUZAKI,Takeshi ISHIGURO and
Masafumi HIRATA

Based on the filed quality control technology using the acceleration response of vibration roller called
a system developed in 1998, advanced o system has been developed by adding several newest filed
measurement methods ,3D scanner and self-propelled scanning-type RI robot. 3D scanner can measure
the shape of ground surface before and during compaction and can evaluate the spreading depth of em-
bankment , displacement of compacted ground and compressive strain after field compaction. RI robot
can measure the distribution of water content in compacted ground which can support the understanding
of field compaction. Advanced o system integrates these indices on the cloud data processing system ,
accumulates them in data base and offers various analytical results on web so that several kinds of users
can utilize filed compaction data. Advanced a system can achieve not only the productivity improvement

but also the breakthrough in filed quality control.
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TRIAL OF PROGRESS OF CONSTRUCTION MANAGEMENT SYSTEM USING
MOBIL DEVICE AT UTILITY TUNNEL

Satoshi NAKAI, Syotaro KOBAYASHI,
Tsukasa MIZUTANI, Toshihiro YAMADA, Yuichi SOMIYA, Naoki IKEDA

Construction using information and communication technology promoted by the Ministry of Land, In-
frastructure, Transport and Tourism is becoming widespread in medium-sized and larger construction, but
the spread of small-scale construction is an issue from the viewpoint of utilization of 3D data and costs. It
is. In particular, in small-scale earthwork, it is necessary to acquire data by simple measurement due to
the characteristics of construction, and it is also necessary to consider the utilization of data in the utiliza-
tion construction of the BIM / CIM model that will start in 2023.

This paper summarizes the results of simple data acquisition using a mobile terminal for the purpose of
utilizing small-scale construction, and the development and trial results of a system that enables progress
management of construction by superimposing the acquired data on a BIM / CIM model.
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RESEARCH ON A EFFICIENT MEASUREMENT METHOD OF 3D POINT CLOUD
DATA FOR ROAD INFRASTRUCTURES

Young-Joo KWAK and Toru NISHIMURA

In this study, the results of a comparative measurement methods were introduced on 3D point cloud da-
ta for effective road-infrastructure maintenance. As a result of this study, we clarified the characteristics
and challenges of the remote measurement method that enables simple and quick on-site measurement.
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REINFORCING BAR PLACEMENT BY DIAGNOSTIC IMAGING
EFFORTS TO ESTABLISH INSPECTION METHODS

Takayuki KONDOU, Yasumitsu [ICHIMURA and Yuuichi HASEGAWA

For the purpose of improving the productivity of civil engineering concrete workers, a technique is be-
ing developed by several private companies to replace the stage confirmation performed at the time of
construction of reinforced concrete structures with image measurement. In this paper, in order to sort out
the usefulness and issues for the operation of this technology, the measurement error between image
measurement and the conventional methd, the effect of improving productivity by image measurement,
and the image measurement technology are targeted for 16 actual works. We report the results of the in-

vestigation on the operational issues of.
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High-Precision Point-Cloud Automatic Combination
Utilizing the Retroreflective Target Marker

Fuminori YAMASAKI and Kosuke Maeda

As the use of BIM / CIM progresses in i-Construction, there is a requirment for a method for efficiency
performing on-site topographic survey, intermediate measurements and volume calculations. In addition,
automatic data collection using robots and TLS has started. In this paper, we propose a method that can
automatically combine points acquired by TLS with high accuracy. With this technology, we propose a
method that can detect a target marker from a point cloud and detect its center point, and can not only au-
tomatically combine the point clouds by assigning an 1D, but also assign public coordinates.
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DEVELOPMENT OF A THREE-DIMENSIONAL
ROAD SURFACE MEASUREMENT METHOD
USING A HANDLE-TYPE FOUR-WHEEL MOBILITY SCOOTER

Yuki KOTANI, Kazuya TOMIYAMA, Yuki YAMAGUCHI and Kazushi MORIISHI

Currently, as represented by MaaS related efforts and law revisions, the importance of user centered
pedestrian space development is increasing. On the other hand, the road surface evaluation of the pedestrian
space requires an efficient survey technique because it is difficult to apply the equipment used on the road,
except for the subjective method by visual inspection or notification from the user. In the management
of ICT pavement work using Terrestrial Laser Scanner (TLS), the number of measurments increases
as the measurement extension becomes longer. Therefore, it is necessary to develop a measurement method
that anyone can easily measure. The purpose of this research developed an efficient three-dimensional road
surface measurement method for management of places where cars cannot enter and pavement work
by combining TLS and a Handle-Type Four-Wheel Mobility Scooterer.
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DEVELOPING A METHOD FOR ACTION CLASSIFICATION ON
CONSTRUCTION SITES USING 2D POSE ESTIMATION AND OBJECT
DETECTION

Toshiya KIKUTA, Pang-jo CHUN

As one of the efforts to improve productivity in the construction industry, it is meaningful to automati-
cally check the contents of work from videos, which can be used for accurate measurement of labor produc-
tivity and process control. In this paper, we studied action classification at construction sites as a corner-
stone of such efforts. In this study, we proposed a method that uses two image processing techniques, pose
estimation and object detection, to extract proximity information between people and equipment installed
at a construction site in addition to pose information, and perform action classification using these infor-
mation. This method is a generalizable approach that does not depend on the background variation or
brightness.We used LSTM, CNN, and XGBoost models, and found that the presence of proximity infor-
mation improved the Average Recall by 7.0% to 8.5% for all the models used, and the ensemble method of
these methods recorded the highest Top-1 Accuracy of 57.3%, which is higher than existing methods.
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3D survey in remote presenceBrowsing platform

Koji Iwata, Hiroyuki Aoyama, Koichi Mitani, Yuki Nakane, Junnosuke Nakahara,
Yuji Ishihara, Yuya Arakawa

Asunaro Aoki Construction Co., Ltd. and KENSETSU SYSTEM Co., Ltd. have developed and tried a
"3dimensional survey data viewing and sharing platform"system. With this system, witness inspections in
3D surveying can be performed from a remote location. By measuring the finished product on site using a
wearable terminal and uploading data such as coordinates and measured values to the cloud, the measured
values can be confirmed in real time from a PC / tablet even from a remote location in two dimensions.
This makes it possible to improve the visibility of measurement results, reduce the inspection staff
movemet, and the waiting time at the site, so that labor saving and productivity can be improved.

This system utilizes the Cabinet Office's "PRISM" budget, and reports on the contents of the 2021 "
Project on the introduction and utilization of innovative technologies to dramatically improve the produc-
tivity of construction sites" by the Ministry of Land, Infrastructure, Transport and Tourism.
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A Study on Autonomous Excavation with Excavator Considering Soil Information
and Related Issues
Ryosuke YAJIMA and SMITH

Although research on autonomous excavation is in progress, excavation is performed without consider-
ing the soil information to be excavated, or with assumptions that the information is known. This may
reduce the efficiency of excavation when soil information is not known or when it differs from assumptions
in advance. Thus, our group has been studying to realize efficient autonomous excavation by considering
the soil information. This paper summarizes the overview of the research and the revealed issues.
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STUDY ON AUTOMATIC DATA CONSTRUCTION
FOR MUDSLIDE DISASTER SIMULATION

Riki SASAKI and Satoru OISHI

In order to conduct numerical simulations,we need to collect the infrastructure data for the simulation. However, the
data format of such infrastructure data is currently not unified, and data conversion is necessary. Thus, even if the nec-
essary infrastructure data is collected, it cannot be simulated immediately.

Therefore, by introducing “automatic data construction” that automatically performs data conversion and integration,
simulations can be performed immediately. This makes it possible to immediately conduct simulations, even in urgent
situations such as disasters, to accurately assess the situation and formulate specific countermeasures against disasters.

The purpose of this study is to perform “automatic data construction” and to confirm its significance. The results will
be verified by slope failure simulations for mudslides.
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Confirmation of Performance of Bar Arrangement Inspection System utilizing
Three-Dimensional Laser Scanner and Construction of Verification System of
Device Therefor

Yasushi ISHIDA, Kazumasa OZAWA, Shigeru MATSUOKA
and Tatsuji NAGAO

Conventionally, bar arrangement inspection in civil engineering works requires much effort by

the workers of the construction company that implements construction and management on site

and/or a supervisor dispatched from the employer.

In this paper, results of confirmation of performance by a bar arrangement inspection system using

three-dimensional laser scanner, which was developed by Tekken Corporation, and an overview of a

verification system for a device used for measurement of the bar arrangement utilizing the digital data

will be discussed.
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SMART INFRASTRUCTURE MANAGEMENT SYSTEM OF METROPOLITAN
EXPRESSWAY AND FUTURE PROSPECTS

Yusuke I[IJIMA, Nobutaka OSADA and Shinya KANDA

In recent years, the effective and highly advanced maintenance has been implemented utilizing ICT and
Al in the field of infrastructure maintenance. In particular, i-Construction aims to improve productivity by
employing ICT in all phases from survey/design to construction and maintenance. Therefore, it is
required to built a data platform that integrates and centralizes various data of each phase seamlessly.

This paper describes the infrastructure data platform (;-DREAMs+) implemented on the Metropolitan
Expressway. In addition, the prospects for further function expansion based on the usage status of i-

DREAMSs» and work analysis are described.
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DATAMANAGEMENT FOR DIGITAL TRANSFORMATION
OF INFRASTRUCTURE USING DATA CENTER IN NILIM

Yasushi KIMURA, Yuki MISTUTANI, Keita NAKASU and Tomohiro OGAWA

The purpose of this papar is to propose a way of data management for digital transformation of infra-
structure using data center in NILIM. In order to improve productivity of construction industry, 2 types of
data management for cross-stages project management and in-house staff data sharing are proposed. Risk
management by applying diversified procurement method such as comprehensive evaluation method,
technical proposal and ne-gotiation method, PPP for project acceleration and framework method is im-
portant as well as using information technology such as digital models and tools.
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AUTOMATIC DETECTION OF INNER DEFECTS OF CONCRETE BY ANALYZ-
ING THERMAL IMAGES USING SELF-SUPERVISED LEARNING

Sota KAWANOWA, Shogo HAYASHI, Takayuki OKATANI, Kang-Jun LIU and
Pang-jo CHUN

In the infrared thermography method, which remotely detects inner defects by capturing thermal images
of concrete, damaged areas are often overlooked by human judgment. Although there is a movement to
introduce CNN-based automatic detection to the infrared method, sufficient accuracy has not been obtained
due to the lack of training data. Therefore, in this study, we focus on self-supervised learning. Self-super-
vised learning has the potential to achieve high accuracy with fewer teacher labels. In this study, we present
an example of how to introduce self-supervised learning to the infrared thermography method and verify

its effectiveness.
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Surface Extraction and Member Estimation of Bridge form Point Clouds

Shogo Inadomi and Pang-jo Chun

The use of 3D models with member information is expected to improve the efficiency of bridge mainte-
nance and management. For automatic generation of a 3D model from a point cloud, technologies like
surface extraction and member estimation of a structure are required. In this study, we developed an im-
proved RANSAC method for the former goal and a method combining point cloud imaging and semantic
segmentation of images using Deeplabv3+ for the latter goal and examined them on real data.
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SURVEY AND INSPECTION OF FOR RANDSLIDE DAMS AND EROSION
CONTROL FACILITIES BY LEVEL 3 FLIGHT (BEYOND VISUAL UAVs FLIGHT
WITHOUT ASSISTANT)

Gaku KITAMOTO, Megumi, KOSUGI, and Wataru TAKESHITA

Several deep-landlides and landslide dams that occurred in the 2011 Kii Peninsula floods are located
deep in steep mountains, and are dangerous and inaccessible to humans immediately after the flooding.
Although UAVs are effective in inspecting and surveying these areas, it was impossible to safely fly
UAVs over them because of the poor visibility and lack of radio signal reception deep in the mountains.
To solve this problem, we conducted a field verification of autonomous UAV flight under Level 3 flight
(flight without visual assistance). The feature of this verification is that two UAVS, a camera and a radio
relay, were used in combination to expand the range of control radio waves, enabling UAVs to fly over
long distances. This paper reports on the field verification of Level 3 flight using the UAV and its appli-
cation to the inspection and investigation of river channel blockages and erosion control facilities.
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DETERIORATION SURVEY OF THE FUKUCHI DAM WATER INTAKE FACILITY

(CONCRETE STRUCTURE) USING AN UNDERWATER DRONE

North Dam Integrated Control Office, Okinawa General Bureau, Cabinet

Office, Yoshio GUSHIKEN and Naoya SUNAGAWA

The inspection of abnormalities in the concrete structure of the water intake
facility of the Fukuchi Dam is conducted once every five years in accordance with the
inspection and maintenance standards.

Conventionally, the water intake facility (shaft) has been drained and visually
inspected.

This time, an underwater drone using ICT technology was used to inspect the
deterioration of the concrete without draining the water.

We compared the results of this inspection with those of conventional inspection
methods, and discussed the use of inspection methods using an underwater drone.
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IN-HOUSE DEVELOPMENT PROCESS OF INDOOR ENVIRONMENT
MONITORING APPLICATION SOFTWARE
~Analysis based on Common Framework 2013 by IPA~
Hiroki SHIBUY A, Kazumasa OZAWA

In recent years, with the emergence and spread of new digital technologies, all industries in Japan are
required to promote sustainable digital transformation (DX). To achieve this, it is essential to take on the
challenge of new IT development methods (Insourcing, Agile, DevOps, etc.) . The authors developed the
application software using a combination of in-house development, Agile, and DevOps for "Tsudoi no Yu"
in Mutsuzawa Smart Wellness Town, and analyzed its process based on Common Framework 2013 pub-
lished by Information-technology Promotion Agency, Japan (IPA).
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Collaborative Al robots for adaptation of diverse environments and

mnovation of infrastructure construction
(Robot hardware to innovate earthwork and sensor pods for sensing of the work sites)

Keiji NAGATANI, Koichi OSUKA, Toshinobu TAKEI, and Ryo Kurazume

The authors are working on a project titled "Collaborative AI Robot that Adapts to Various Environments
and Innovates Infrastructure Construction”" in the Moonshot-type R&D project. This project aims to real-
ize a robot system that can adapt to diverse environments and perform target tasks. The target tasks in
this project are "disaster response of blocked river channels" and "construction of lunar infrastructure.”
This paper introduces the research and development in this project of "hardware that innovates earth-
works" and "sensor pod system for the robot system," which are expected to significantly contribute to the

realization of 1-Construction.
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DEVELOPMENT OF ADVANCED « SYSTEM (PART 2)
-Development of self-propelled scattering type RI moisture meter-

Ko MATSUZAKI, Hiroshi FURUYA, Yusen INAGAWA,
Takeshi ISHIGURO and Masafumi HIRATA

Advanced a SYSTEM has been developed to achieve the productivity improvement and breakthrough
of compaction quality control in field earthworks. The Self-propelled scattering type RI robot, which is one
of the components of advanced a system, can planarly measure the water content ratio. On the other hand,
it is known that the accuracy of Rl method decreases depending on the distance between compacted ground
surface and measuring instrument. Moreover, it is also concern that the accuracy would decrease in case
running speed of robot is relatively high. Series of laboratory experiment was conducted to determine the
calibration coefficient for distance and to investigate the effect of running speed. Consequently, the
calibration formula and the threshold value of running speed to ensure the accuracy were clarified with

introducing the optimal parallel link structure.
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DEVELOPMENT OF SURVEYING TECHNOLOGY USING UAV FOR
STEEL BRIDGE CONSTRUCTION

Keisuke NAKAMOTO, Yukina YAMAGUCHI, Yuji TAMURA,
Hajime TACHIBANA, Fumitaka YAMASAKI and Kazuki IWASAKI

In steel bridge construction sites, the number of workers is decreasing and there is a shortage of work-
ers, making it necessary to save labor and improve productivity at construction sites. In the construction
site of bridge superstructure, the surveying of the substructure involves work on the bridge piers, which
requires the installation of safety equipment and a lot of labor and time. The authors have developed a
hybrid surveying system that enables surveying of substructures and measurement of steel girders only
from the ground, which is expected to reduce labor and improve safety. In this paper, we report the out-
line of the surveying accuracy of the developed technology, which was verified by comparing it with the

results of conventional surveying.
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DEVELOPMENT OF A VR BRIDGE INSPECTION TRAINING TOOL
~ INFRASTRUCTURE DIGITAL TRANSFORMATION (DX) SUPPORTS THE
ENHANCEMENT OF MUNICIPALITIES® CAPACITY IN THE BRIDGE
MAINTENANCE SECTOR~

Yuko FUJIMOTO, Katsumi YAMAGUTI, Makoto WATANABE

We have developed a new VR bridge inspection training tool. The VR tool provides training opportuni-
ties for several types of damage on a bridge at once. In addition, it contributes to reducing travel time for
training and safety measures at the site. The VR tool delivers the experience of visual bridge inspection

and diagnosis on actual bridges.
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How to understand DX in the infrastructure field and about training of engineers

Yuya BANNO and Yoshiyuki KOMATSU

Since 2021, each regional development bureau has been developing various facilities that are the key to

promoting digital transformation (hereinafter referred to as "DX").On the other hand, the contents of DX

promoted in various industries utilizing digital technology are diverse.In this, we considered how to
understand DX in the infrastructure field, issues for promotion, and countermeasures.
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CURRENT STATUS AND FACULTY CONSCIOUSNESS RELATED TO BIM/CIM
AND I-CONSTRUCTION EDUCATION IN CIVIL ENGINEERING
EDUCATIONAL INSTITUTIONS

Tomoya SHIMADA, Shin-e1 TAKANO and Lingling WANG

Most of the technical training related to BIM/CIM and i-Construction are carried out after employment.
On the other hand, educational situations at universities and colleges of technology and consciousness of
faculty members have not been clarified.

This study aims to clarify these issues by conducting a questionnaire survey to faculty members at civil
engineering-related higher education institutions regarding their cognition of BIM/CIM and i-Construction,
the current state of education, and their future intentions and issues.

It is clear that securing teachers and teaching methods are important issues for the introduction.
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POPULARIZATION OF ICT CONSTRUCTION TECHNOLOGY
IN THE SMALL SCALE CIVIL ENGINEERING WORK
~THE SPREAD OF 3D DESIGN DATA UTILIZATION PROMOTION~

Tatushi IWASAKI, Takeshi KATSUTA,Syouiti NIKAWA and Yoshiyuki TOBA

Six years have passed since the i-Construction effort,which aims to improve on-site productivity by
20% by 2025,has just started.Through this initiative,the use of ICT construction is expanding,but the
small and medium-sized construction industry,which receives many orders for construction by local gov-

ernments,has a problem in spreading ICT construction.

This report introduces the efforts of the Kanto Regional Development Bureau,which focuses on the
challenges facing the small and medium-sized construction industry.
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ABOUT THE EFFORTS OF THE HIROSHIMA DEJIFURA CONCEPT

Taichi OKAZAKI, Shunsaku SHIMOKAGE, Noriyuki HIROSHIGE,
Akira MARUYAMA and Yuuichiro MORINAGA

The Hiroshima Prefectural Civil Engineering and Construction Bureau will make maximum use of dig-
ital technology at all stages from research, design, construction to maintenance in the construction field,
and the public and private sectors will work together to manage infrastructure more effectively and effi-
ciently. In March 2021, the "Hiroshima Dejihula Concept" was formulated, which summarizes the vision

and concrete measures to be taken.

This paper introduces the outline of the Hiroshima Digihula concept and the progress of its efforts.
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RESEARCH AND ANALYSYS ON THE CROSS-INDUSTRY MATCHING
FOR PROMOTING INFRASTRUCTURE-RELATED DX

Tadashi SASAKI, Tomohiko Sako and Takahiro KONAMI

The promotion of DX in the infrastructure field, such as i-Construction, requires wide
range of trans-sectorial collaborations. The Ministry of Land, Infrastructure, Transport and
Tourism (MLIT) are implementing the 'Matching of on-site needs and technological seeds'
project to achieve cross-industry collaborations. This paper provides a research and analysis
on the challenges and future direction through the implementation of the project and the

actual matching process.
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STUDY ON NEW TECHNOLOGY ACCEPTANCE OF LOCAL MEDIUM AND SMALL
CONTRACTORS

Kota SHINOMOTO, Lingling WANG, Satoshi YAMAOKA

To increase productivity in the construction industry, the Ministry of land, Infrastructure, Transport, and
Tourism(MLIT) is pushing contractors to apply ICT to construction sites. However, due to the high cost of
ICT equipment, many contractors are hesitant to introduce ICT. This study investigates local contractors’
risk perception of the introduction of new technologies and their willingness to pay for technologies. The
investiable amount that local contractors can afford to pay. Based on the results of the study, factors that
influence contractors’ risk perception and willingness to pay are identified. Moreover, a new technology
introduction plan considering the investable amount is proposed in this study.
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UNDERWATER VISUALIZATION AND REMOTE LIFTING CONTROL FOR
PRODUCTIVITY IMPROVEMENT OF TETRAPOD INSTALLATION

Eita AMAO, Mitunori FUJITA

In the installation work of the underwater part of the Tetrapod, it is important to understand the un-
derwater conditions and to control the direction of the suspended blocks in order to improve productivity.
This article describes a construction method for adjusting the direction of a suspended block that adjust-
ed remotely by the “Aqualuster®” — a direction controlling device, while confirming the design cross
section by combining the 3D sonar image with the design model, using “Automatic tracking real-time 3D

sonar” that enables visualization of underwater areas.

By utilizing this technology, we confirmed that productivity, workability, and safety can be improved
by accurately installing a 50t-type tetrapod in a short time, while monitoring the underwater situation in
real time through an onboard monitor under the site conditions of less than 10 cm visibility.
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BUILD THE NEXT 100YEARS WITH “OX (OHKOUZU DX) ”

Takeshi OGINO

The Ohkouzu diversion channel is an artificial river that branches off from the Shinano River
(Tsubame City) and flows into the Sea of Japan at Teradomari (Nagaoka City) . As we enter the
100th anniversary of the water flow in 1922, we are facing many problems due to technical restrictions at

the time of construction.

The Hokuriku Regional Development Bureau of the Ministry of Land, Infrastructure, Transport and
Tourism has called it "Reiwa's major renovation" since 2015. We have started projects such as widening
of the mountainous area on the left bank of the Ookoudu diversion canal, replacement of the bridge (No-
zumi Bridge) due to widening, renovation of the second groundsill (New Second Groundsill) . In addi-
tion, Shinanogawa River Office was selected as one of the "i-Construction Model Offices" in 2019. They
are working as a "3D information utilization model office".This work is also working on the construction
site DX [OX : Ookoudu DX] . In this paper, we report an example of "visualization" in the construc-

tion process by utilizing various techniques.
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LEVERAGING THE METAVERSE IN THE INFRASTRUCTURE SECTOR

Kazutomo FUSAMAE, Tomoaki INOI, Takahiro SATO and Keigo NAKAMURA

The Kyushu Regional Development Bureau has been working on the metaverse in the infrastructure
field since 2018. In July 2021, as part of the draft standardization of river CIM, we proposed river crea-
tion using a game engine. On December 16, 2021, the Kyushu Regional Development Bureau created a
metaverse of the Yamakuni River and used it to explain to residents. In the future, we will disseminate

this technology.
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NEW INITIATIVES FOR DISASTER RESPONSE USING DX

Kazutomo FUSAMAE, Tomoki MINAMITAKE and Tomoaki INOI

In recent years, Kyushu has experienced many major disasters. For this reason, the Kyushu Regional
Development Bureau is working on DX for disaster response.

The Kyushu Regional Development Bureau is developing safe and efficient disaster investigation
methods. He also developed and experimented with technology to digitize disaster recovery procedures.
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Improving the Construction Management Operation’s Advancement and Productivity
through the Active Use of ICT

Yutaka KONISHI and Kouichi ANDO,Yasuyuki NIIMI

The Port of Tokushima-Komatsushima, located in the center of Kii Channel in the eastern part of Shi-

koku

island, has been well-identified as a good natural port. Since 1949, the development of this port

was rapidly promoted and controlled by the Japanese Government and after approximately 50 years of
service, many of the port’s facilities are deteriorating. As part of measures to preserve the functions of
these aging facilities, renewal work has been carried out sequentially at the quay in the Kaneiso district

since 2016.

This paper introduces the case study of Kaneiso District Quay Wall (-11m) Improvement Project in
2019, which involved the use of ICT to improve the construction management operation’s advancement

and productivity (efficiency)..

Keywords: CIM Construction Management, Web Camera, Remote Security Surveillance, i-Construction,
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Efforts to develop and utilize CIM models for river management

Shinichi MORITA, Youko FUJII, Daiki FUJISAKI

The Sendai River Office has been working on monitoring and evaluation of river channels using
a three-dimensional topographic model in order to solve the problems of river channel
management. Furthermore, focusing on the utilization of the CIM model developed by ICT
construction, river management We have been studying the development and utilization of CIM
models for visualization, efficiency, and sophistication of. This time, we will report on the results
of the studies so far and the status of efforts to utilize the CIM model.
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UTILIZING MR DEVICE(HOLOLENS)EXAMINATION OF OPERATIONAL
EFFICIENCY

Yohei TKAHASHI

The Ministry of Land, Infrastructure, Transport and Tourism (MLIT) is promoting DX and i-
Construction with the aim of improving and upgrading productivity in the construction industry. In addi-
tion, the policy of applying BIM/CIM principles to all public works projects in FY2023 has been an-
nounced, and the improvement of productivity and sophistication through the use of BIM/CIM are con-

sidered important.

Based on this background, we report on the results of the "study of work efficiency improvement using
MR devices" as an approach to BIM/CIM utilization at the Shinjo Office of River, MLIT. In addition, we
report on the effects and issues of CIM utilization using MR device.

— 185 —



