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A STUDY ON COLOR EVALUATION OF LAMINATED OBJECTS USING PIGMENTS
IN 3D PRINTING FOR CONSTRUCTION

Yuki MIYAZAWA Hideyuki KAJITA
Kosuke MINAMI

Synopsis:

3D printing for construction is attracting attention as a means of increasing labor saving and automation, and
allows flexible shapes and lamination marks to be incorporated into design. Adding pigments to materials can
further improve the flexibility of design and application for molded objects. However, achieving the desired color
in laminated objects requires considerable effort, such as test mixing, mockup creation, and color checking.

In this study, color measurements were conducted for up to 1.8 years indoors to clarify the relationship between
color changes in pigmented laminated objects and easily handled cylindrical test pieces over time. The results
suggest that by measuring the AL*a*b* values of both at seven days, subsequent color changes can be monitored
using only cylindrical test pieces. Furthermore, the color difference between laminated objects exposed outdoors
and indoors for nine months was small, indicating that cylindrical test pieces can also be used to assess color
changes in outdoor-exposed laminated objects.
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STUDY ON APPLICATION OF ENVIROMENT FRIENDLY CONCRETE

IN HOT WEATHER
Takayumi IMAI Takahiro HARIGAI
Yuji SHIRANE Kenji KONISHI
Takaya HIRANO Toshihide SHIMADA

Synopsis:

The purpose of this study is to construct concrete fence using environment friendly concrete in hot weather.
When applying environmentally friendly concrete, one issue is that the number of manufacturing plants is limited
due to constraints on binder storage facilities. In addition, fluidity of environment friendly concrete can decrease
over time because it has a high viscosity, there are concerns that this decrease in concrete fluidity will be particularly
noticeable in hot weather.

To address these issues, the authors premixed the binder to make it easier to select manufacturing plant. In
addition, taking into account the decrease in fluidity due to transportation time and hot weather, the target slump
was reviewed and a chemical admixture with high fluidity retention properties was selected. As a result, the
workability and quality of the surface layer after construction was good.
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DEVELOPMENT AND FUNCTIONAL ENHANCEMENT OF A FULLY
AUTOMATED STEEL SUPPORT INSTALLATION ROBOT FOR MOUNTAIN

TUNNELS
Yudai BABA Katsuki HARUTA
Takamitsu IMAI Kazuhiko MIZUTANI

Synopsis:

Our company has developed a “Steel Support Installation Robot” to enhance safety and reduce labor requirements in
mountain tunnel construction. This technology utilized machine guidance, necessitating operator training and skilled
expertise. To address these challenges, we developed a “Fully Automated Steel Support Installation Robot” (hereafter
referred to as the robot), employing machine control technology. However, during fully automated installation of steel
support frames using the robot, instances where installation was impossible depending on site conditions were observed.
Therefore, the authors improved the system to enable switching between “automatic operation (machine control)” and
“manual operation (machine guidance)”. By adopting manual operation for processes where automatic operation is
difficult due to site conditions and utilizing automatic operation for processes requiring skilled techniques, efficient
installation work unaffected by site conditions was achieved.
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IDENTIFYING THE HYDROGEOLOGICAL STRUCTURE OF ROCK
FOUNDATION FOR FILL DAM BY PORE WATER PRESSURE MONITORING
AND ESTABLISHING THE ICT GROUTING SITE QUALITY CONTROL
SYSTEM

Mukau FURUKAWA Tomoharu TAKEDA
Hideki NAKAJIMA Takeshi ISHIGURO
Masafumi HIRATA

Synopsis:

An attempt for identifying the complex hydrogeological structure of rock foundation for fill dam by installing
the pore water pressure gauge in rock layer, measuring its behavior during artificial change of underground water
level with support of FEM analysis is reported. For evaluating the quality of curtain grouting and its in-situ
impermeability before test reservoiring using installed pore water pressure gauge, ICT grouting site quality
control system enabling the three-dimensional visualization including the relationship between pore water
pressure behavior and grouting execution history is also introduced.
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ANALYTICAL STUDY AND EXPERIMENTAL VERIFICATION OF COLUMN-
BEAM CONNECTIONS FOR PCA IMPLEMENTATION IN SHIELD TUNNEL

STRUCTURE
Sora KITAGAWA Katsuya YOSHIMOTO
Tetsutaro SUZUKI Fang JIE

Synopsis:

In order to streamline the construction method of the internal structures of a narrow shield tunnel,
construction using a PCa structure made up of a combined floor slab and column-beam was considered. The
construction procedure involves sliding the combined floor slab and vertical beam member horizontally in the
direction of the tracks after erecting the columns, connecting the main reinforcement of the vertical beams, and
then inserting the main reinforcement of the columns from above the floor slab to secure it to the combined floor
slab and vertical beam member. However, since the main reinforcement of the columns is inserted later, it is not
possible to secure it using the standard hooks defined by railway standards. As an alternative to the standard
hooks, the application of a mechanical anchoring method was considered, and its anchoring performance was
evaluated through 3D FEM analysis and full-scale testing. The results of the 3D FEM analysis suggested that
there is a possibility of reduced functionality of the mechanical anchoring plate due to damage to the concrete in
the small cover of the L-shaped column-beam connection's protruding beam part. In full-scale experiments, the
measured values of flexural strength and the actual flexural strength exceeded the calculated values.

* IANE  BARFEAEMGERE 7V —7 * QAN BEARFEAT ARG — N KT =T
* 3HUR ARG M 45 —/b RYEXERT kARG ICL 77/ my—krZ—tARHEES V—T

36



1. [ZC®HIZ
AR, E WA SRR B CoAEM R E, THE

fizHRL L, PCa HMZMM L T 25m L T 5.

WA CIRE T & OBk 72—V K b XL O NG
MO THEOSBALZ R D728, KI - HER— IR
EHEEM D 5705 PCa MEETOM LOMRFT &SNz, L
FIEIE, FEOBIALE, KRI - #ER— M & 85 51
WA T A R UMER E/M & e S8, HEMITRRO k-
H 5 3 & HEA L TR - fiER— M I EE S 55
el (B1-1, ®1-2) . LaL, HEEHzd LA
THI NG, SHEFEVTEDHERET v 72X HHEE
OEBNTERN ENHRE L eo7=. 22T, FEil
TR O E B I HVW LD EHE T v 7 %
oL, MBRESETEEZAVD Z Emaahz. &
ARFE DI, $HE D, EE Y, BEIOHMREREICI N T
X, T B ISR E S TIEE AT %A, vy
T la s ) — FDER, HDHWILFERIC X DT
EPNFERE o TND.

T IT, ARWFETIE, REEROEETIZRIT A H
BRI, BT S TR BV E Y RIGRAE AV,
EAREHMRRE FEH L, TOEEMEMEEL ML
F7o, EMRRABRICL T FRiRr & LT, 3 ot FEM
FEMTIC & 0 A D FRSTEIZ DV CRREE L 7=,

X 1-1 PCa N X
A
\
L —THE
s
NX- I §F

AxiR 'E§ﬁ~”'££/'rrf _
CV//// % NS

’ N N

XY ..’. ~ 000 feXel

K 1-2 PCa KRR OBEZEX

37

2. EEBREE
2.1 EYRHEFIAEK
£ 2-1 1237 ) — bowtE, R 2-2 28 OWE
fill, B 2-1 (SRR OBEE, B 2-2 (Cosigtk
OB 2R/ 3. PREEREE, EEEHO S %
HUOMTHREE T AT 2.0m FEPFH, FRERELAFIANC 1.5m &P
ZHH L, BEEEAF W OmSICA Y T (ko E E
) EET . SRR, ERE O S B,
DAREE T A 1.24m &GP, MREKE AT 2.0m &GPH 2 fh
WL, BEFMOMICASY T (FETREOBEEE) 2520
7= 7k, WK E bz, R#iENELZRIRE L
FEES (L 500mmx500mm, AFRREEEHE SIX 530mm & L7z,
FEEMIT SD490 %, ZNLISDEEIZIL SD345 Zffi
L7z, F£7-, HEMHmEIITIESL 70mm, E X 24mm O
B EB R AR Lz, R 35E T A L
PRIR « MER— (KR & FEEA & Bl 2 124738 L TN Tz
%, V-ABIHEEGED EBAL, TN R X
N —AERNET 7D M THRE L.

F2-1 =27 U — bOfkkE K OBERERER S
e PRI

Ho A R A

AV k D £ i 50

DREHE
)
BB

HLE M D

m%ﬁﬁ%vﬁk#&

(%)
36

(cm)
19.0

(N/mm*)

73

(mm)

20

= 2-2  BRmORRF L ORGSR
Bt (N/mil) | 513R5R & (N/mif)
FiH490-625 | BIAK620LL I
766

T &

LA

PRI A Wi 54 7 25
FEAE A WA S8 7T . PR BB 70 5 4
FEA A 5%

FEGE T RARE

D29 571

D13 395 575

D16 398 580

D19 400 585

D22 394 578

D29 408 598

D32 392 586

_ 500

_ 500 _ 500

uE=3
S
ks

_ 125

HEWTER
SD490_1274

1630

1325

320 530 _

~{ A
F R RE (R

2-1



_ 500 _ _ 500 . _ 500 _
B
7o) A
S HEETER
SD490_127%
. il €—| >R
Oovasr—y sad Wi
9 sesapel
S 1000 600 [[1HHHE
8
w0
I @115mm 1
[=}
S “

| e |
2-2  udBFEREEA
2.2 KtEEDRE
) BEFAOEBAEFLEDOERICONT

2-3 IIAREEOIERHE A 2R T, Ak L7z X 9 1g,
BOEREYE VICRWNT, HEMOERIT, LEELR L
P L7 TSR T v 7 2T 5 Z L BAFAITH 5
DB, AMEOHETEMHITH EMALRDLZ Lnb, HEEY
v 7 O L THMAES TiEzET 2. 2ol &
Mo, FEEMOEEMERENT7ITH LT, M O
HNMETT 2D L, £z, FEEM OTEIT LT L
ROBEETIEPAFINT NS N EITER L, HXOHE
L0 AT U TH RSt 22 L5 2 &
PBESND O,

WRE SR D29 2EE)
; 1
B e — [ W & e i > ° 0
! SI[SHIfT) T D16t wbiwassm)
o e T D22 (WRTH>
3o} ol o - _—
o =| & r\[ A ét
— < T G _— ©
I ad == = D32 iR EHY
e e . ©)| @[S N
L ===
A o
| 1 o o
ALBA BIH =i{|:=iI==: /J122 o _ I
029(SD490) ‘ i =
Eli=l=l= A S 3
e e = | =
TLSNAY-THE e A
9-Nx2(D29 =
87 87
500

2-3  FEREEAES

2) BEHZEHAOEBAEEIEOERICOLT

2-4 (TR D 22 IR 2 . AT A
RO XS 7 L RS HORLGEE, SMUIFEER O
MEYPNEL B2 b (EHE 140mm) , 5D
a7 ) — b OBBGIT X DB RE SR OBERE IR T 2%
aEhb .

38

BHATER
HRTHD29

J-2E045

BrBL 15
029(SD490)

|

|

|

|

|

|

|

| ‘
i ILINAY - TRE
H

9-NX2(D29)
£3#029(SD490

X 2-4  SEEBEUEER AR O 22 G
3) BHEUUHEEBICHEMOESE (O %
HIFTBHZEITDNT
AMEETIE, B 2-3 IR T Lo e E, HEM B &
OURIR - MER— M 0w (LT, o) 28k
b VN (N TS 500mm (1ID) BARN) (SRR
TWD., ZHIC Ky, REHSBMEIZE DRNIAA A HE Tl
RZBBREENHKAEL, MELOBHRLERD I LR
IND. ek, ERITEV, (LREICAET 20 UHIIE,
BLY, HEHOOTHZHAL, BRK2OVEHN, B
KO, OFTHBRELCTWARNWZ 2R LE. B, #
BEEAE VLY, OB OFEM waik, Q) L 0EH
T 5.
wq = L1k kyksk,{4c + 0.7(cs — B)}ose /Es (1)

T, ki M oEREIROBELXZITIHRET, K
EBRDO L ) ICREEF OBEIT—XIC 1.0, kixzr 2V

— FOWEDOREERIHRET, RQIZLD. ks (3515

R OBEB O ELERTHRETAG)ICLED. ka (THTO
OEINOZEE 2 R IHRET—MIZ 0.85, ¢ IXBITREM D
50 (mm) , o (Z51EMM OFLMEE (mm) , ¢ 1X5]
M OEL (mm) , Es 38OV 2 712488, os (34
EFH O OFALE TEC LB O8RS D E  (N/mm?)
ThD.

15

- 2
k2 f’ck+20+ ©

0.7

ZIZT, fa iz s U — FOREEMBRE (N/mm?)
Th5.

_5(n+2)
37 7n+8

)

ZIT, ni35IEMMOBETHD.



HAFBALE O 0T 2 Dowa 1%, X(4) L0 R
5.

o _ Vea + ky - Vea)s . Via
wrd = 4z (sinB - cos8) Vra + Vea

“)

2T, Vu BFEBERIC X DRF AR, ke 13EH)
VEF OBEE DWBA B BT 5L T—HIZ 0.5, Ve I3
AUBTRITRRE & FR VN 22 WA OB F I AU 77, s 138 A
Wria A OECE RN, Aw 1XXKME s (8B 58 KR
OFBTERE, 0 T AWM E 723/, 2z 13E
WIS S DB ) OEAALE D B 5 EHE O X0 £ TR
T, RICADESE 115 TRLELDOTHS.

2.3 AL (EEXREHM

2-5 (ZHmr S E M AR, AR ER T A i E
EREL, HEEOHES T2 5 Le=1.325m OALEIZK
W E AR S5, ARl m e S0
LboLTD. e, @EAE, Yy vydBMETLH
MEIE, Yy v X3RN Fmezal L.

E

Bl IE A

«—

217

1]

72

1325
2900

1]

771.7

|
(71511 1325
135

Tt

1000

WG (P AR fRA)

1500

2-5

IEAAZHERAT OHIENE, BATOLE DOKEEA+ 6y (FE
DR LTEBROAKEENLD) ZFEMEL 35, 72, £16y F
TOFMNZ— 0%, 16, HYDOWE HEEHE) % 1/4 %)
Z (02568y, 0508y, 0758y, 18y) TEMIEEEZEA
3EFOMEH S, SmflEImEREE Lz, £
16y AR O#AT S — 0%, BIRENL 16y %4n sy (n=
1,23,...) & LEEMHRIEAZIEA 3 BFoEHSE72. #
IR & Lz, Zods, 16y OBGENR, LM
(SD490) DUOTHMBHID TR LIZRESRTH S .
PR, EFmEATRE THIERRECTH D0,
EHMHEMCHRELRE 16y L REEATMOBIRIEN &
L7z, SmiBElE, [EHFmE AT E THIMERER D729,
NN O N CHEEHBBEROTHICE LR
EMER LT, ENERRREAE L.

3. 3 &t FEM &4
3.1 fRHTIC & HARELE
EBROFATRFEE LT, BEAIT X D sl 2 e

39

U7z 3 kot FEM fRMT % 326 L7=. FRIfENTO B B9, #
M A 2SR EFRHRE (BREARYE DICHEIL U CHUE L 72t ))
CRIZEL ETHDZ &, HRBEAHEUICKT D e
BEEORENFDORELRIET 5L THD. T,
DHOOENIEREARERE (2— M4 0 COM3) AW,
FETV (PREE, WEEE) IOk L CRRIRRE £ CTHR
o L7z,

B 3-1 IZ&ET /LD M- ¢ BROMNTHER % 7~7. FEM
ENTIC 0 BEE LW g, BREEIEML LD L
iR L.

1000
800
600
400
200

0

-200

-400

-600

-800

-1000
-0.06

Mud=616kN * m

___________________________

PreE(ARFER)
E(FRITFER)

BRIFE—A 2 M (kN *m)

-0.04 -0.02 0 0.02
AP (rad)

M- ¢ BfR 7 7 7

0.04 0.06

3-1

EAR 32 \RT & 9IT, ImEAE O BAHETR (22
HIEZF DR EFF TR & R 28T M) 1BV T, %€
HEREIC B T DM EAMONSD 227 U — b
DOTHNRFEATLTHRTIMAREZ R L2, LER-T,
ZEHRER D AT O OFILIT K 2 B =UE F R OB REIR T

BT DIT, BERETOOTHRERBEIT LD
FCHMHEAHMSE. oM X v, SriliEgak
ROZEHEENZIE, 115mm vy F T D16 #6754 4 A8
L7=.
N 1
e [ e * < iy
oo i

FAT L2 0T H
b
e .

(72 : #isRET, A - MlRAECE_H D)
3-2 Ui EEHERAARAT I R

4. RMRHBHR

4.1 RAtEHEER IR

B 4-1 (BRI B2 BR AR BT,
BREREME VX0 L LR B AR A E M AR T, A



B, KHPENY mid, fE-ZBERBROAEEbRE L
7o EBREEREI Y, MR Re ESERAT, AT
IZHIE600kN, B — 7 fifEA+3 8y T 645kN, 26y T-
679kN ToH v, HIFFERIN 3 X O /i, FEHIE
NHEMEE ERlo7-. 4368, B O-26, THTFm Aoz
L7z, EHFTH606y, AHFMT-58, FTHRIRHET
B HE600kN (AT 2R Lz, £/, BMESRIAED
WCHEREL, 16y B CHEEMOKM LEIX 0.1lmm BET
HY, HEETHER L. ZoZE&nb, WEE— NI,
REHEEE Y, MOt ITHE (BE41) 128500
EHITC X, REREAOMEIERA R EEEIZAE Ul o T

YA 515.1kN ———@&/

——————— 1
| ~18y

]
L

————————

P-5(FE-%1i1)
FHEE (E#F)
FHEE (REE)
RRER (ERF)
RRER @R

=400

£#0y (+16y~ +96y)

40 60 80 100

= 4-1

SN (R IAESERA)

L Rt NS

FERIES O i T

T

TG AT MR T 3
BEE 41 gk
FAE(ERHF) 0 EAME(BEE)
- - - FHEE(ERF) - - - FEE&RR)

-10y
-0.750y |+

0.5

0.25
BHESEVCENIE (mm)

EREOOEE  (PREFEHERE)

0.75 1

4-2

X 4-2 (LA E A Lz i OOE U o EHIE &
SEEOLE, BE 4-2 12 16y R THOEOEORNE
R AREEITEE LV 1 TREFENTWA D, E
M E HBEEO-RITE16y T CTORMTERLZ. X
L0, 20256, "B *E16y £C, FEHMEEFRMITES
BETH-T-.

S 42

16, OERFROIRDL

X 4-3 ICEW Y HETO, thOEALE OO &
OFEJE L FEMEEZRT. HHOT AL, FHEME AR
FERETHY, BROTH (1725u) IZEEL TWen
ol RRBREEIIS, HERENREICED T, HERMTE
O BRRTINT D & 5 RERITHGE S ieh o7z,

—h— EHIE
FHEE(& )

- - - FHEfE(E#)

800

600

400

200

800 1000

HE (kN)

-200

-400

-600

-800

EHHEAEHHO TS (1)
R 4-3 (LR O A (R HERAR)

4.2 imEptEpEEIR

X 4-4 ([CHERIKOFTE-EMBERETRT. ok, Kdo
ABlE, 4.1 b ERA L FEETHD. K44 L0, ih
FRARTT L, BT S45KN, AHRATHE-596kN, B —
7 ENE, IEHEMRE 622kN, HAFMFE-735kN TH Y, i
BRI 70 5 & OV F70%,  FERME S FHFAE %2 BBl >
72 EHEEHIZ, 0750y A TERHICOTE N

40



(w=0.05mm) 723%&E L7278, 18y £ TOOEFUEIZH K
WP, AEAMRRCBT D5 IRMOMMAESKOEH L
X 16y T 0. 1mm fBRETH D BFEREH LITRAL
ol (BEAY) . Z0Z Enh, BEREOEGD
HRBIRIC LV S D 227 U — hOBEENIH Sz
ZETHBAEENAEIICHEELZEE X bNE. £
FEAT U CHEREE S O etk e xR A9, ©—7
far ELRIL
FOE O I OMITHEE L 705 2 L MR LTz,

XEr

THREEBORBRRLIZZ D, WEE— FIXE:E

- P-5(E-Z{)
- —o- - FHEfE (E#FT)
- - - iHfE (AHF)
A RBER (EHM ,

= ERER R#E)
Foy (+16y~+68y)

40 -20 0 20 40 60 80 100 120 140 160

Zfit(mm)
B 4-4 fiE-Z0 iR K)

________

-160 140 -120 100 -80 -60

ZR B

LR OSMEL (RUBRAS T )

FAE(EHF)
- - - - EHEE(ER)

HRE(BEF)
- - - - FHEfE(&#)

‘

0 0.5
OBV UENE (mm)

B 4-5 AFOOUEIRVIE (GuEiEatas)
B 4-5 (AR ERICHE A Lz i O O3 K OGHE
Oz R, ks, AEITHEEG LY 1 TGRS

41

NTWH7zd, FEHIE L FHRMEOLEIZ 16y £ TORM
PHCHEMmLZ. LY, 10256y b +16y £ TOEM
OOEIFUIE Y, BERd R s FAERETh 7.

K 4-6 ([ZFERA Y SETO, EEOREEHOTHOHE
PE &SRB AR, WHOT 2L, FHREMEO M FRER
i 7048 24 44f B D £505.6kN £ THFE & R%RETH Y,
BRIROT A (17250) WCEL TV ieh o 7o, EEIIC,
BEEREP I E S £ ¢, HEXMENE» LTI T 5 X
I IR ERIIHR S o T,

—h— EBE - - - FHEfE(ERR)
- - - FHEfE(&#ER)
800
600
400
200
g
£ ol
[ é\; ( 800 1000

HOSBMHEH T H ()

K 4-6 (LOEHEHOT A CREBEAEERIE)
5. &

AWFIETIX, FEWRIEREES % Az 3 kot FEM fig
Bk L NEARERMARIC L 2 E Y RRABREITV,
il 5 [F) K175~ D M E 5 TIE O E S TERE & R L 72
LT, AMFRICE > TR LN EZRT.

3 ot FEM fEATIZ R0, ST )RS RAE & [
HEUETHDHZ k%ﬁmbt
SRESFEMGERIR D 3 YkoT FEM FEHTIC L 0, Z2HIBEY
DOIATOVEINZ B 1L 5 7= DI HTRER T % 1809
DVENHDHZ Lo,

NN 2N T ARSI ON=:A WAl I WARRR =3 )
fE% kA~ 7.

WEE— NI, EW%®@H@%&&D,E£%@
Pt LR A IS BT 2 etk p 7o il 135 4= L
ol

H OO OCEIIER L OB OTHE, #EEE
BERSERETHY, LOEROIEITHEITA Ul
>77.

IS HERR I BT, S O 2 ek I
WY e MBRIC L Y, L BRSO SMA A J%%
WAESE TIEZEHA 52 &%%wbt.
ARERICE Y, AEERROERESTIL, Hilst
B L FSREOMELZET D 2 &ﬁ%;éht

(M

@

3) %, BREHETE

“4)

®)

(6)

0



BEE  RBFZRIE, BERESERSHO IO &
FhE S E L.
HROBATICH =Y, PEERAEM AT OERIITE
BRIEREBVELEZZ L7, FETHELR L LTS
7.

- -

& Xk

D (A SRERGEMIZEAT « SoBf sy S F s
e - [FfiEEL oo U — MEEY, ALE, 2004

2) () RS 2017 FEHlEa 7 Y — MERDR
FH#E [RREHR] , L, 2017

3) (At ERFR =3227 UV — 7477V —128

DI EBMOBERLET. £,

42

4

5)

6)

7)

BRABES - METHEEE [2007 FERR] , L, 2007
(Afh) AARBEKWS  BEERSE - FfFH I
ary V—ME- a7 V— NEME, fLEE, 2017
(W) AARRERATBRAT « MEki & Tk
e (2010 FCkET) , MR E S LIBFRE
B4£, 2010

WE R, MO & HEAT B8R, IR MNE
T — AV RBRE OFEREA IO - B TR0
DM MEREIC KT TRHE, =207 U — b LSRR
C4E, Vol.39, No.2, 2017

HHEOE, A OIS, BT BE, EROE
BT A UERBORERES IR T 2T
FHLIEOWMLE, SERIFHE, Vol34, No6, 2020



AT AT A VOL. 60. 2025
mBHEREEE LR EZERRT HPCalkikizE TEDRF

g B ! P I
A Wl K AT A R B
FoME B m*P

AWFFRIL, TUF v A MNEBEEAEONE L AEEEOm L2 B, BIcT Yy MROEEEM BT
T M E RS TR L DM & U CEBiE A e L X LR MG bR =i/ 7 L% ¥ A NEMES
TEOREEZITo7ebDOTHD. RImSUTIE, A A EE LR Bk E Ao BT o5 #as L O
BEA M AR L2 R0t PR RBE ER L, Yy T, MTT v 7R O8O B TR /)
WCRIE TR AR U2, 35|, BAMERE LIZERRBRIAZ O 7 EAETRER (NEXCO4423
BRICHERL) % M L, BEAEOEFMAEOFEEIT /2. T OMKE, RES TIENN100FMY  (iRfr®
250kNX 105[a) % kREIZMEEZETDH I 2R L. £77, B THLNZMAICE ST Y
n—ERPL, REATIEOERE, REFHBLOM T FOBERE R L.

F—U— N R BEARE R Tk gl & Bl £ /v 2 v iy BEATRUBR IR 97 T A

B R

1. Ftwic 5. Hfr EAET TR

2. HEEMEOME 6. HEA LEOERER L O L EOREE R
3. MEEOH 7. FE®

4. ZEFRHBR

DEVELOPMENT OF NEW PRECAST PC SLAB JOINING METHOD
FOR IMPROVING QUALITY AND PRODUCTIVITY DURING SLAB REPLACEMENT

Takahiro HARIGAI Kousuke MINAMI
Hidekimi IMANISHI Yuji SHIRANE
Masashi FUNAHASHI

Synopsis:

This study aimed to improve the quality and productivity of longitudinal RC joints in deck replacement works
by developing a new precast deck joint method that combines a mechanical anchorage system featuring nut-shaped
anchorage hardware at the rebar ends with high-strength synthetic fiber mortar as a joint filler. In this paper, pull-
out tests of the anchorage and flexural fatigue tests of beams with the joint were conducted using specimens
simulating the joints. The effects of reinforcement spacing, lap splice length, and the presence of shear
reinforcement on flexural strength were examined. Furthermore, wheel load running tests were performed on deck
slab specimens with the joints to evaluate the fatigue durability of the joints.
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VERIFICATION OF DEFORMATION PERFORMANCE IMPROVEMENT
FOR STEEL-CONCRETE COMPOSITE BRIDGE PIER
BY UPSIZING EMBOSSED H-SECTION STEEL

Yusuke KON Hidekimi IMANISHI
Taiju YONEDA

Synopsis:

In this study, cyclic loading tests were conducted on full-scale pier specimens to verify the improvement in
deformation performance resulting from upsizing embossed H-section steel members. The experimental results
showed that the specimens maintained high load capacity even after the embossed H-section steel yielded, and
sustained the yield load even beyond the conventional ultimate displacement specified in design standards. The
plastic hinge length calculated from the Specifications for Highway Bridges generally agreed with the
experimental results, and it was confirmed that the plastic hinge length increased even in the range exceeding the
maximum reinforcing bar diameter specified in the design. Fracture surfaces of the main steel members were
observed approximately 100 to 150 mm below the base of the column, rather than above it.
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AN EXPERIMENTAL STUDY ON RC BEAMS WITH PCA BEAM PARTIALLY
INTEGRATED WITH SLAB CONCRETE
-DEVELOPMENT OF PCA BEAMS “DOLACON BEAM METHOD” FOR HIGH-RISE RC
APARTMENT BUILDING-

Junichi MOGI Tadashi NARUSE
Kazuya USHITANI

Synopsis:

Half-precast beams are generally used in high-rise reinforced concrete buildings. Because the strength of the half-precast
beam and the slab concrete differ, formwork is installed between them to allow separate concrete pouring. This process is
time-consuming and increases material and labor costs. Therefore, we developed the "Dolacon Beam Method," in which part
of the precast beam is integrated with the concrete slab. By eliminating the need for previously required formwork and
separate pouring, construction efficiency can be improved, and both construction time and costs can be reduced.

In this paper, we report the results of structural experiments that confirmed the component performance, as well as the
bending and shear strength, of RC beams composed of concretes with different strengths.
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CASE STUDY OF TOTAL QUALITY MANAGEMENT

USING THE ALPHA SYSTEM
Hiroshi TSUDA Takafumi IWATANI
Masafumi HIRATA Takeshi ISHIGURO
Shintaro SAWADA Yasuhito SUZUE

Synopsis:

In a site where rapid and reliable construction of earthen embankments is required, we aimed to improve
construction efficiency by applying a finished thick layer of 50cm. During the thick layer construction, we
implemented two quality management utilizing our technology 'a System', which is one of the acceleration
response methods (a technique for estimating the ground rigidity from acceleration). 1) Quality management of
thick layer construction: Since ensuring the quality of the lower part is important in thick layer construction, in
addition to the usual management (count the number of compactions), we set a guideline value for the average
layer value of the acceleration response value "disturbance rate" to manage the rigidity of the entire surface. 2)
Quality management of relatively weak points: From the heat map of the disturbance rate obtained with the
o system, we selected relatively weak points (points with a lower disturbance rate than around the areas) and
implemented RI measurements.By introducing the o system, it becomes possible to obtain three-dimensional
quality information, and we also examined how to utilize this information.
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DEVELOPMENT OF THE NEXT-GENERATION TYPE ICT FIELD
COMPACTION QUALITY CONTROL SYSTEM "AtlasX"

Takeshi ISHIGURO Masafumi HIRATA
Hiroshi TSUDA Takafumi IWATANI

Synopsis:

Results on the development and example of the field verification of "AtlasX" , next-generation type ICT filed compaction
quality control system are reported. "AtlasX" consists of a-system (vibration roller acceleration response method) as main
technology , and three kinds of IoT measuring devices as its sub-system to obtain the several physical and mechanical properties
of compacted ground. With use of the cloud-based data storage , visualizing , processing system, "AtlasX" can improve and
refine the current field compaction quality control method and check the required performance of earth structures from multiple
angles. Furthermore, it can realize the authentic DX, digital transformation (improving productivity, Business Process
Reengineering of filed management operations and utilization of obtained data between several different departments) . In this
paper, results of the development of IoT measuring devices and example results of several field verification on "AtlasX",
mainly with the Ministry of Land, Infrastructure, Transport and Tourism are reported.
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EXAMINATION OF SLOPE STABILITY EVALUTION METHOD
DURING HEAVY RAIN USING CENTRIFUGAL MODEL EXPERIMENTS
AND UNSATURATED FEM ANALYSIS

Masafumi HIRATA Kenji MARUYAMA
Takeshi ISHIGURO Yudai OHTSUKA
Megumi TAKAHASHI

Synopsis:

In Japan, many landslides occur every year due to typhoons, heavy rains, and other factors. Areas deemed to
be at high risk of future landslides are actively monitored to ensure efficient and accurate maintenance. To
effectively utilize the results of these monitoring activities, risk prediction and stability assessment based on slope
failure mechanisms are important. Therefore, in this study, we proposed a method for evaluating the correlation
between the deformation behavior of slopes leading up to collapse due to heavy rain and other factors and the
safety factor by combining deformation analysis and stability analysis of unsaturated soil. Furthermore, we
verified the validity and accuracy of the proposed analysis method by reproducing a centrifuge model experiment
that simulated rainfall. Furthermore, we examined the stability of slopes against slope failure by conducting
analyses of actual slopes where monitoring is being carried out.
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Centrifuge (Maeda Co. ICI General Center)

:3.5m
: 100G
: 20G
Maximum capacity
Static experiment
Dynamic experiment

Effective radius
Maximum centrifugal acceleration
Maximum excitation
Maximum loading weight
Static experiment
Dynamic experiment

: 2.0t
: 0.5t

1 200G - ton
: 50G - ton

BEE-1 ML 72@E D #m R E

Rainmaking Device

B : water pressure gauge
® : earth pressure gauge
¥ : displ gauge

Centrifugal Acceleration : 40G
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averagp precipitation [mm/h]
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KEFT D E, BEHE%Z 1740 ITIIRERE D 40mm
(=7 b 1 f85) BEOMETTXDBEMBRAEL,
FERRTZ 1900 @fa‘« ME0 L ERBER RIS L.
DL, BRINZAECTZTRYEI D L RBMTHRK
M7 AN B 2 5 8h1E, KEZMA L7 Case-1 OFEBR L [H]
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30kPa 2% EH L TRV, BEAOKA EFEIX Case-1
LV BHRENZERDLND. B-40) 1%, BLEHmoOKF
TEOREENTH DA, THbbh Case-1 & RBEICHEN
IRV KELREDR ERFTHEABAOND. 705, Case-2
TIIREAEZRIIEREK T L TWDHI2D, REROE
(BIZEAETE TV, K-4(0) 1%, LR

SRR E LT
EOFHC XA TRERORELE{LTHS. IO T &

(D1) #R.2% &, BEN# 540 T 12mm BEAUILT
1% 1600 FPFEFE £ TIRIEZkIT A2 <, 1600 BLARIZ 2 72



CTFAT, RmE2SHEE L7z 1900 # TiE 40mm f2E DL T
Elpolz. Ik, BEMI% 540 AT CA U TR, A
VIRBIZEDHETHD.

3. EDMEEIEERD FEM BIRARAT
3.1 EREMEREHENTOBE

B DERISEER O FEM FEUAENT ClX, REF1 O TERET
ZEh L CRmOERECISTIREZFH T L b
2, ZORFOISIIREEE FI W2 EMAT & Eii T 5 Z &
T, REOERFE ERELORRE RN T HRLEIT
STWA. T, ETIIHEM LIZERMIT & L EMRHT
OBEE | SWTEAT 5.

REFNO FEM ERMRAT T [+ /K /2o Rl A BR 2
FNT 7 0 7 - DACSAR-i1929] & /=, Rfafit
OfERET NV E LTI, B0 - KBS X 2 ErIERE R

F 20 ZFAR L L7- Se-hardening &5 /L D& AW TEY,

PURIC R T RBARBEE I L DI~ O T B BfR N S, i
DERERD TN S,

!

szDlnp—+Dn*—sf=0

€ po’ t

22T, MITBRUG I, DIZEEmE DL B LA LA X

R, po IFEAFIRRE I I 1T D AT O I G T,

T AL LIS, 3RO A TH L. F
7o, EWXAEES,  #Z e LB THY, LLTFD
XolcERIND.

§ =exp[(1—S;)"Ina] 2]

nB L OaIFBEERET 272D DNRNT A =2 THD. %

7o, BREAFNES, JTRD L S ITERIND.
S = Sr - Src
e =T 5 [3]

B, Sl TWBEKDEDDEMETHD.

—07, REMMNTE LTI EMR I~ TR <,

BN & [F T FEM BT CTH D [ AW KEE 2
(Shear Strength Reduction Method : LA~ SSRM) | Z 4R H
L7z. 2@ SSRM TiL, +OMET VL LTSN
K12 Mohr-Coulomb =, ¥MERT > > v LT
Prager XA WA Lo 2BEET L2 HY, LodA
Wit T, 2 Coulomb A d V) LR OARICERT 5.

Drucker-

/ !

¢ o ,
=—+—tan¢

FtFE [4]

Tr
CIIENREE T, P IIEINEEEA TH D, SSRM I,
NAFOFEZ NS E D Z & THIARN O AT 2 8
/b X4, Newton-Raphson {%IZ X 2 KEFHR S R ik Lata
DAEICE - 12 L HE SNZBROFEE, T LVEER0%
BEFETDLFIETHD.
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IIEARAT & 2 EMMTIZIR U FEM it T D Z &b,
fEfTxt g & T A/RmET L (BiRSOER, KRR E
) RIGTTREFEEZILETE D, Ll b, B3
Wr & ZEMRATE TIIEH L CWAREBRET VN R 572
O, EIGHENT D B L E M ~ AR E & S F T Z &2
TERW. £2C, A[1NTRT Se-Hardening £ 7 /L D%
IRBIE D & Z il EAE R B O Kk AWk, 3R L,
KANR Lo AR OB 5 J1c & LT TIET
Tl L. ZHEMERBR OIS KT ABIIRE 1T, X
NCFEHEAK (R —E) SM-0msE S, =Moo
REMEERATHZET, ROXIHITFEEIND D).

1 A
Cu =58Py " M-exp (_A+M770)

3(1 — Kp)
H =
fBL, m 1+ 2K,

ATIERTWEL, Ko l3 AT O &L LERE CTH D, 2Rk,
ZoORITRT X DT, FEHEKRE AVWIIREE ¢, 13 A Bk
Npo" & W TERE S 4L, ARSI OBEINZLE S 58 HmM
(R[4]0FHBE 2 H) ITFBECBE IR TS x5
TENTE D72, REMHT CIER[4]F A BN
AYIEEr & LTl Y. BRI CRRFHE SN
FERZOIEYKREAWIREIL, Z OIS IIRESCHmET
NOT —H (HiARER, BMPEREME) LIk
SSRM DFHEIZZITE SN, LZERNPROLND.

3.2 EVEREERD FEN BIRAET OB E

-5 1%, FEM FEUEATIC AW 72iE DR g D X >
2K THD 0. ZORNIRT XL DI, MR TrEE LS
B 40G #EE L THEAF— VBB LT-ET VERNT
BY, HEEHRIIE 24m, EE 84m, AHEILE X 8.0m,
B 11 (45 AR THDH. AFREERIT, AR %
X HhEE, Pz XY FEEEE LTWb. £77,
REREE UL T & A I FEPkER & L, Ao
TWANIAKE—EOPKER & Uiz, #LFEROEM 7
— A ZAE T Case-1 & Case-2 D2 7y —A&EELTEH
0, BREEICHY T 2ME2ER & K5 252k
THRZHEBEL TS (B-5 OFRH) . bARAT, ks
PEFEIE 2 FV 72 Case-2 T, =0 3B Co MR E
127.8mm/h Z & EEERIEIC G 2 CRtE T2 & 2 5,
EEERERNPEETO/RLE o7, 2, BEERE
W25 Z 7o e TR EE S i TR TR T & DK E % KIEIZ
EElS7Z720TH D, EEOELFERTE, Case2 DK
PR E AW r — 2 CIRBERSE ENIGRZLE T,
ERMATICBELRER L 2> T0D. £22C, LR
G KRS Z AV TR NS ORAREELHHN
WCHE L ChIzE 2 A, ZORFIZERIL 16.1lmm/h & 72
ST, ZORERENG, MMERIRE Az Case-2 OENTT
W, BEEREICE X HitEE 16.1mm/h (5% E LEHEE



rrrrr

oo
Vv
ele]

L ]

)
K-5 BLERETLOA v 2K

152 LT Lz, Bk E fAviz Case-1 TiE, &l
RSB COMENTRE 302.9mm/h % FER 7 — /BT
% & 7.6mmh THY, RFNZEEOHANTH D Z L&D
ORETEREICS 2 D IMEICHRE L.

3.3 MHIINTA—FDEE

BN CHEH L7z Se-Hardening €7 /L Tl, ~—2A
A0 - KHIC K D HEBMEREE T L O BN T 2
— X DM, FREAFIFMEEZRTANTA = PRLE L2 5.
CORFEFREEE G D -0, — BRI RS o =
HHIERF R OB R B A M E L ENDH A, T2 TR
RbVICERBE-EHEABRREFEG L, ME T 2 —
B OHETE 2RIz 2. -6 1%, SRt AW B
BAEAMWEMEARTA—ZORET O —TH5. ZD7
o—ZRT LI, B0 - KIS L 2P ERET L
MBI T A—=ZIZHONWTIE, fafto%ERE —mE
AWTERER & EERBR D, TNEffEE R T RT A —X
IZDOWTHE, Rafn+ OB RRE— i AW 5k
5. BT, HHRREE AR b AR &
HeET D356, HaiRo fafn M R 2 EfEIC s L
EHBMEOROWEBRAROOND. 22T, mEES
VAT —ZZ KB R HIE S R A~ — bR A
Wkt (5E-7) ZHVTRBREZITT-> T 5.
-7 %, BREEWIC X2 EERBROMETHD.
TiX, HER 7 SR L EEREL 82 TRA LI-HAE
(hL 745 FE pg=2.68Mg/m?) % W& /KL 40%ICFREE L,
JEEE D TRIZA T — o TR GED T RETHRER 2 FiE
LTW%. s, EEY 7RISR Z A Lt
TERRIEIX, FRCHTABPELS LI RRETHo 72720,
VMW B O T 2 v FZBRWT, elogP DEEC.S e-
logk DEEC 2RO, Fi=, KRB OWGIREE
1.60Mg/m® (FEIFREE 0.672) 35 & UK+ 4k o WL B
1.46Mg/m*® (FBRLL 0.832) ZHAWT, faFnRFD LTRSS
FENRH KRB BHEEL TS, —F, EBRREFELT
< B RIS U7 skl &2 VG, S IRAE — i A
B A ER L. 22T, \|ESS 40, 80, 160,

- -
— —

§=exp[(1=S5,)"Ina]

S, *71 f
™" 1+exp(A+B-lns)

B-6 MENTA—ZDORET 7 —

320kPa @ 4 B CIER L7-t4, tAWEE 0.lmm/min T
AR Tmm £ TEEEEAMZIT>TW5E. F-812,
i L= SRR ARRBOBREE R, Hohik
BENETIRREEDN D, AN S %2 31.0 L E LT,
®-9 %, REAFEEEZRIMEART A —2EZRkD DT
DI FEME U7z, AT 1 DS FE — it AW B SR C
»bH. T, BER T B EARRRORAFEE I
GKEL 5% CRREE L, fafnslEl & W CmES DS N CE
fE, HABIL TS, ZofREER—LE, B-8 IZRLE
fAfEORBER LY b EAWRENIML T D, 2
T, ZoOMEENAATETHD LA, D%
53 & AT = D K43 R R R d K OVEEE B %L & 12
B4 BB 8T A — 2 B kAT

F9, oS IREE L T A7, Rfaf Lo
IS ERD LD IZER DT H.

o™t =o' —p,1

S = Pa — Pw

c=0"+p,1,

Ps=Sre"S 161

GIX RIS, o™UIIEIRIG T, S IIENIES, szt s v
a Y, pdIVH T va VST, pEMEIBRZERIE, p, EEER
KETHD. FEafMTOHE, EMETRHICIXEES S
WCADOBBKE (27 vaish) BNEsize, e
WAER L TV D EEIG S 0,0 [ TERRT] T < EIER )
optl e . Fio, HAWHIIERER -ETHDL I LD
5, MRZERER X OHBAEIZZ(E Lz, 7
avibiplE—EThHDHEBEAOND. ZTHORR
S E R, SR ARSI D IEHE KT A
WrREES, OBERC &2 X[ EFRRICHEET D &, ’AND
Bond.

S, 1+2K,
$: a’zolsat 3\/§

Mexp(-4) [7]

XHDK,, M, ANIMEEHTHL Z &0 b, HiIT—E
BLiezn. DFEV, EODOFHIEEIS ST LB
mEE, fafn - AaficBEb o -ETHDH. —F, R
AN £ O SR — i A WTRRBR CIE IR E S XIS
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shear stress, T [kPa]

shear stress, t [kPa)

300

g

50

A 10 T T T L] T T
Smad'[ef’t shear box test apparatus Silica sand + Kigushi clay (3:2) Silica sand + Kigushi clay (82)
tp] 09 i o9 -
o - L -]
o 08 1 & sk
E= =
e g
3 o7 12 o1t
> >
oe c 0011 08 -
05 1 L 1 (T3 L :I L
1w ' 2 e w 1w w? we w? [
consolidation pressure, P [kN/m’] coefficient of permeability, k [m/s]
BE-T A~— F—EE KRR -7 JEERBRER
T T T T T T 00 T T T T T 10 T T T T
Silica Sand + Kigushi Clay (8:2) Silica Sand + Kigushi Clay {(8:2) Silica sand + Kigushi clay (8:2)}
L shear rate - 0.lmm/min. 1 r— 250 - shear rate - 0.1mm/min. b
saturated { saturated
[ —#—:o,~ 0 ks 1 S5 el —— 0,4~ 40 Pa 4
—o— 0, 80 WPa v —o— 0, 80 kPn
[ o= 160 K I | B 150 o 10K 1
B 0,~320 KPa % ——:0,,~320 kP
1 » e} |
g
1 B g E i
I I I L '] 1w 1 1 I 1
0 5 10 150 250 30 /0 A0 [ 1 2 3 4 5 6 7 on 0z 04 06 08 10
normal stress, o, [kPa] shear displacement, d [mm] degree of saturation, Sr
R-8 S (R — Mt AT B R (R f) —10 HETE U 7oKk o3 Rk
T T T T T T 300 T T T T T 6 —T T T T
Silica Sand + Kigushi Clay (8:2) Silica Sand + Kigushi Clay (8:2) Silica sand + Kigushi clay {8:2)
L shear rate : 0.lmm/min. 4 — 250 | shear rate: 0.0mm/min R 5- o shear box test 1
water contert w=5.0% I water content w=5.0% O : expermental datm
b —o— g 40kPa = 0 |- —¢— o~ W Pa B al H # - experanentsl dats (aversge)
—t—: o 80kPa e —o— o= B K
L —&—: o160 KPa I R L g Y Iné=(1-5.)%"na A
B 7320 kPa g c P
w
4 = e s B
g T
4 @ sp 10 4
0 s 1m 15nm25n:ma;l14nn uu.u ulz 1‘4 ll.lli u‘.n 10
normal stress, o, [kPal shear displacement, d [mml] degree of saturation, Sr
-9 HRBE—-mEABRBRER CREaf - 5K 5%) -1 #HELMke
Th DI, FEFLORBEER? S50 5 R R-3 HEMITICHOTME AT A =5 0
%61&?@ J: 5 Lz‘i% é ﬂ 6 . Ground Embankment
S S S compression index A 0.046
u u u
—_ = et 7. .o 1 8 ing i .
<0V0)unsat o.gst E -0 vOlsat —ps [ ] swelling index K 0.0046
internal friction angle ¢ [deg.] 31.0
ToRITELE L 5 iz, Kﬁ@*ﬂi@*ﬁ’@f/\/[ﬂﬁﬁ%ﬁ) 5 critical state parameter M 1.244
P ffici fearth K 4
BO R HREREL, R hOmERNRL Y by SOl sy . o
} . § Poisson's ratio v’ 0.327
avibhips DT TREL 2D, £oT, ZTOABZ —— ,

B soil particle density ps [Mg/m’] 2.680
ﬁ@*u}_ﬁ&*ﬁ@ﬂeui@#ﬁﬁh%ﬁﬁgﬁ%% (9§}J§_‘i%jju$) dry density pa [Mg/m}] 1.60 1.48
ERANTDHZETH 7 va b Ip sk S, AN initial void ratio eo 0.672 0.832
REOMERIREIFIE N DY 7 2 a Vs HEET 52 L AlfE coefficient of permeability k  [m/day]| 2.84E-02 | 1.38E+00
L%, B0, FU ey LEREOBRTHY, ncination ofe Wk L oo

5 . . constant parameter to control the a 30.0
o7 ey b ﬁSEigﬁﬁ%ﬁ‘%%ﬂi L7ZfETHD. fcﬂis, degree of hardening behavior with 00
. B X turati n .

AEE U 72 REFAETEMAT ClE, LYo va v E— —
. o parameter for S -s logistic curve Aq -9.96
O ERITAKROFEMBRET LV E LT, KRR THE in case of DRY B4 2.17
o FHEPCLDIe VAT v 7 REHNTND. parameter for S -s logistic curve A, -6.89
in case of WET B, 1.69
Sre — 1 [9] residual saturation ratio e 0.11

1+ exp(4 + B - Ins)
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X DAL BIE, KGFEIMBREBET D7 A—4Th
5. ZZTIE, RP)TRINDIR AT v 7 HENR
RO ey b EEES K DI, AoFEiiRET L
ERELE. £, HELEY I v a Vs hEX8lICHE
BERATSHZ LT, REfn o4 &I e & HE
E L7z, B-11 1%, Bské s fafEoBRKTcH Y, K
DFay MRRBRERTHS. ZORITFRT L oIC, &R
BERIIE s &R REELLRRETH o7, =
TR RO EHEEBELER (n=1) L LTET IV
fbLi. 72k, AEORBBERIIT 2y Mrbdie <,
BAFIES, 23 0.15~0.20 13T & 2372 0 #RANCR > TV b
728, KROSFFHEMHRET VOBEEE T+ RBERD D &
HEWEES, SHBOBRMTETH .

Lo X iz
7B, AW B KRS OWTIE, R-2 (RLE
FUHIZEZB L, RBRERNSEONIZMED 40 & LT
W5,

3.4 BBIEREER

K-12~E-14 |2, Case-1 OFE[NIEE 7.6mm/h & L7zs;
B OENTEREZ T, K-12(2) O@EIF KL= > 7 —
MzER5E, BRIZEVELNICHANZEL, BLX

U7 HAR & R RAKED B L TWLSEEFRRZ S,

F72, H-120b) ofafigEa L ¥ —XE /5 L, ELAO
faFES LR L, BETHrOHe L T BT
L2, 62, B-120 R TEHEDE a4
—KTi, BENOETE ERICLZ2T 7 a VoK
X, BINOBBKED EHIZ X A8E8T, RS IHM
BRAIICHD L TWDZ ERMHRTE D, FRCELERD
L REOEIIENL, BHOEBETHRV /NI 2o
TRV, BEEREMSTIENR Y REEICR>TNDE ET
BEnd. B-13 1%, BEMITICEDREOT HDa L H
—KTHY, ZORMEOTHBEFTLEHIVEES N
LT RYBETH D, PIHNIRETIE, EEEREN DT
BIVE VAL IS T 0 SR A U TV B 728, B2 Ak
D DORFERENPEZTL DL, T30 BTk~ B
KEIBH LLZERIIETLTLD. ZOXHr2TD
moBEhE, BOBAERCRONIZIEHREICEDS
TOTRYBIAE— FEFEBILTERY, O R
DOfEREFFHRTE WD EEZLND. 2, Z0O
LERE T, BBEE%K 333 B TLERN 1.0 & FE-

7o, w ORI EER TR, BRI 200 FPCIEm S HIEE LT
BY, TNEEXAF—VICEHRETDHE 370 BHERY, B

HOZA I Tb BB TETWDSEERD. B-1413,

O AR SRR CRHA L 72 MIBRKE, KT, R
WRNLEICR T AR TH D, RMIBRKIEE, PR
W% ORIFAES 10 HEE CTREA L, ZO®RITITIH
W ZeoTng. F72, BEHFROKELEE, B

WE LTMBIRT A =2 %, R-3 ITRT.
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BRGNS HAEA R L 333 HEETEAEL, #EH
BERITITEAEEBL L TR, ZofERIE, O
EBRCHU LB EELI Y BETRENVLOD, EERN
REAEEE R TE WS, —JF, K-14(c) 1R
TRE L RIIL T ROMHTRERE WD &, RO DIzE
R — VR L T m DR RS R o7 e » b e Tig e
A E—B LT, FHOERMEOL TEIX, T390
BROFEIZ L - CIEmRE CERENE UL ERERE
FEM T CIZRBLTE RN 2, TOEFHEETHS.

®-15~B&-17 I%, Case-2 OFERIE 16.lmm/h & L7
fEATHE R TH 5. E-15(@) OBRIFBMAE > ¥ —X%E
B3 L, Case-l KV HRBERBENKE WD, KKk
I, BlEEmomRIMEALE L EF LW
T3MAlx 5. Fiz, B-150) ofafE=a 2 —Mb, 5%
TEE O BEAFED ERERRENZ Enbns. B-
15 () \R T A RIE S = o 7 — 1%, BN OfTE
FRIZEDZY 7 v a v oERTR, EENORBRAKED E
FICEDHET, BB RAIZHD LTS Z LR
MRETX 5. FIORLEECELIRKSEOFIE T, B
ROEBETHRV /NI o TEY, BEEBMITIZN
RO REEICIR->TND ETPREND. B-16 1%, ZEME
Mk D REVOTHOa 7 —KTHD. Case-l & I[AIEE
W2, BEPDOREENZ DL, TX0BRBR L IE
HERBICBE LN OERRIETLCVE, Bl
0.72 H CZEREN 1.0 % FEl- 7. @ IERER T, B
Fith 1900 B CIEEBAEL TR, INEFERATF—1IZ
LS HE 088 HTHD. INICLDHED L A I 7
i, EBREFTFALTC0D LB bNDA, &L
EBRTIXERNI T VIRBOEELZ T TS &, T
W72 B R IR 1L SR it e < IRBIR A L HEE L
T CTH D EEEMET L, +o7e i E o IR R
ThoHEEZLND. H-17 1%, w0 RS CHl L
BRI, AL, B KL FACEIC B D s
BThHD. MBATERS X OKELEOMITHERIE, =
R EBRCHA LB LEL Y BEFRENL DD,
Case-1 & [FRRICEMEN 2 LB ML+ BFHRTE TN D
EEZLND. ek, B-170) IR L EREE T &
DFFFTAER L, TV REOREEL ST o DR FER RS
BT LTV,

3.5 MEDER & LEHEDEFM

EFMENT R L OZEMHTRERNG, REOLEEE LR
EPEDBRIC OV TR L. A Eafn o BIARNT > 51
DN RGO TR E, REMTICLDRZEEOH
RER-18 IZRY. 27T 7ERADE, BRMNELICE
HZLILTEARESLSARIDICHEIIL T, Z2RLIETL
TW Z &b, Fiz, HHIZIE Case-1 & Case-2 D
W7 OMENTFERE 71y hLTWBER, BEEN~OFK



[Excess Pore Water Pressure] t=0.00day [Excess Pore Water Pressure] t=2.96day [Excess Pore Water Pressure] t=33.33day
—_— . (kPa)

7 — =) S
0 10 20 30 40 50 HH 0 10 20 30 40 50

[ . Ml (kPa)
0 10 20 30 40 50

(initial condition)

(a) it el [ Bk 2

[Degree of Saturation] t=0.00day [Degree of Saturation] t=2.96day [Degree of Saturation] t=33.33day
e _ | [ = oo [l -

0.4 05 0.6 07 0.8 0.9 1.0 04 05 0.6 07 0.8 0.9 1.0 ”,,,' 0.4 05 0.6 07 0.8 0.9 1.0

(initial condition) EE: =

(b) fafnpE

[Effective Mean Stress] t=0.00day [Effective Mean Stress] t=2.96day [Effective Mean Stress] t=33.33day
— mm (kPal e — . (kPal 2 — kel TR
0 20 40 60 80 100 25, 0 20 40 60 80 100 ‘ 0 20 40 60 80 100
(initial condition)

||.-

N

(c) FHHDIET
B-12 ZjEfEHNT (DACSAR-) (T K 2@ R BRKE & faFnfE, FHH IO = 2 —X (Case-1)

[Deviatoric Strain] t=0.00day [Deviatoric Strain] t=2.96day [Deviatoric Strain] t=33.33day

[ -
0.00 0.02 0.04 0.06 0.08 0.10
Fs=0.897

[ . __
0.00 0.02 0.04 0.06 0.08 0.10
Fs=1.025

| .
0.00 0.02 0.04 0.06 0.08 0.10
Fs=1.444
(initial condition)

R-13 ZEMHT (SSRM) I LB HAVTHD = 4 —K (Case-1)

120 —— : : : = 0 . . . o5 : ‘ ‘
®pl (W Gase—1:Water | L iFs=100 Case—1:Water | Case—1:Water
& H =] (=3 33day) Fim 410 (1]
2= : D2

5 ‘ m DI
[ —
g 2 Flm 490 E o B
= 90 4 ]
F g_ 2 Nod 3023
E 80 3 & ™ Fim570 4 = 010 3
i ! r E Hod 3003 Nad 3023
o [ [—:Nod1 ——:Nod37 s 1 = Centrifuge
s — Nod7 Nod 43 L Bl 570 M D1 1
4 L Nod 13 Nod 49 ‘E FEM Analysis Emag - @ —o— D2
o Nod 19 —— Nod55 —— Elm410) Eim 410 oz FEM! analysis |
G S — Nod25 —— Nod6! 2 ——  Elm 480, ] Nod 3003
o Nod.31 Nod 1~ Hod 51 5 — Eim570 Nod.3023
0 N 1 N | h 1 < I | | | | 1 _uss - n N
0 5 w15 W 2% 3 s [ 5 W 15 m 2% 3w 3 [ 5 w15 % a0 3
elapsed time [day] elapsed time [day] elapsed time [day]
(a)  FLBE AR JEC 8 o B K R (b) &+ m DK LE (¢) BEREOILT &

H-14 FEHHSAEICS T D RBEKE, AKFELE, ETFEOMITHE (Case-1)
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[Excess Pore Water Pressure] t=0.81day

_— W [kPa]
0 5 10 15 20 25

[Excess Pore Water Pressure] t=0.00day

L Ml [kPa]
0 5 10 15 20 25

(initial condition)

(@) 3t o F) B K )

[Degree of Saturation] t=0.33day [Degree of Saturation] t=0.81day

—_— - A [ =]
04 05 0.6 0.7 08 0.9 1.0 s

[Degree of Saturation]

[ . -
04 05 0.6 0.7 0.8 09 1.0

(initial condition)

(b)  fafn

[Effective Mean Stress] t=0.00day [Effective Mean Stress] t=0.33day [Effective Mean Stress] t=0.81day

_— mm (kPa] i - = [kPal il —-— o [kPal 2 e
I 0 20 40 60 80 100 pa

0 20 40 60 80 100 H 0 20 40 60 80 100 H H
-

(initial condition) == s
i/

7

i
y == =

T
T
T
T

T
T
T
T

AN

T
T
s
T

T
T
T
T
T
T
T
"

T

(e) “FEIHINIET

B-15 AT (DACSAR-) (& & 2 @RIFUKIE & aFfE, EWAEFEILE D% — (Case-2)

[Deviatoric Strain] t=0.00day [Deviatoric Strain] t=0.33day [Deviatoric Strain] t=0.81day
[ . __| . __| ____ |
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10

Fs=0.972

Fs=1.444 Fs=1.197

(initial condition)

X-16 ZEMHT (SSRM) 1L XD wREOTHDOa ¥ —[K (Case-2)
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THE CENTRIFUGAL MODEL EXPERIMENT OF THE COMPOUND DISASTER
CAUSED BY HEAVY RAIN - HIGH TIDE - EARTHQUAKE

Yudai OHTSUKA Masafumi HIRATA
Kenji MARUYAMA Takeshi ISHIGURO

Synopsis:

In complex disasters, where different natural disasters occur consecutively, the impact of the preceding disaster
causes more widespread and severe damage than a single disaster. To efficiently and effectively mitigate and
control damage from such complex disasters, it is necessary to establish a method for experimentally and
analytically evaluating ground damage caused by complex disasters. The authors conducted a centrifuge model
experiment simulating heavy rain, storm surges, and earthquakes to attempt to reproduce the synergistic effects of
complex disasters. Previous experiments have been conducted on individual natural disasters, such as typhoons,
heavy rain, storm surges, and earthquakes, but there has been insufficient research into complex disasters in which
these natural disasters occur consecutively. This experiment was a new attempt to apply the natural disasters of
heavy rain, storm surges, and earthquakes consecutively to a model ground by placing a water level control device
and a rainfall device on a shaking table. The results confirmed that damage was exacerbated by the synergistic
effects of each disaster, making it possible to examine ground behavior due to complex disasters within the
centrifuge loading device.
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CENTRIFUGAL MODEL EXPERIMENT ON THE GROUND BEHAVIOR DURING
COLLISION OF PROJECTILE AND ITS EVALUATION

Kenji MARUYAMA Masafumi HIRATA
Yudai OHTSUKA Takeshi ISHIGURO
Shinichi AMANO

Synopsis:

Considering the recent international situation, the measures against missiles from other countries, and the current
situation where citizens in Ukraine are taking refuge in underground shelters to protect themselves, it can be
assumed that there are many geotechnical research issues related to underground shelter. In this study, it was
considered that large collision can be reproduced in centrifugal model experiments. And with the help of collision
analysis, centrifuge model test was also considered to be able to verify the accuracy of current design methods as
well as to examine the effective and efficient countermeasures against collision loads. In this study, results of
centrifuge model test experiment to reproduce the collision load and ground behavior simulated by an incoming
object were examined.This report presents an overview of the centrifugal model experiments, along with their
results and its consideration with the quantitative evaluation of the ground's shock absorption characteristics from
the perspective of kinetic energy.
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AL A N U s, Wi R L v 3ELLER
R HESBRBIANCAE T TV A, B 80mm (FE 2 7 —
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WCRVBRERICE 2B BMELRE L TRTIDIBERY,
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W R, GRB AT FRAZANVHEMBTHD. L
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CbHD) Zi%E L7z, CaseC IXFEMAE (FE X2 E L

120

-8 AR & FE AL

=e: /T 5t
mo:/KEET FAIAL
[ e rmm Wrm
(RS-0
TIIVE
IKA3I:CaseCD H v
Y A 20
CaseB-C:Dr=56% Igo
MCaseADr=91% g woo v ______|
4 Dr=91%
290 = 4 R "
WTEEYER C 110 7| 20
(FHIN7" 1Y)
! 279 221
EE80mm
FHEK
150
A

-9 FasiHI A i\ i RIS

=-1 EB,—=
=A% | REHRIRIE | XTI | WL o4
CaseA w . Wk 90.8% 1.620 g/em’
CaseB T 56.5% 1.518 g/em’
CaseC % - Kig 55.4% 1.515 glem®
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FRBRARERY 2 2 S5 IS K D RSP IC K o T L, Hisk
MICEEIE TN D.

3.2 FHANMEIC K B RER VB EAZEDHE LA
FHA S AT EE S AT K 2 U R O Mg A O 5
HB 2 DUTRIZ 397, G & A 7o R AR oD Jinek 43 A7 0D



4000

5T ﬁ%,@ﬁﬁ%*
HEEZE
2000 HHA—— v
— 0 %ﬁTPquggn
]
£ -2000
% -4000
=] -6000
-8000
xﬁﬂv/—.— I
-10000 l
0 0.005 0.01 0.015 0.02 0.025 0.03
fEFfE (sec)
(@) FHAI S 7= g misid o s
16
1 BALE
& 12 J/ﬁ(%ﬁﬁﬁﬁ
S~
£10
g
B ¢ \
S i1 AN 2
2 2 A\
) \-h—
=0
j XEAR T I
0 0.005 0.01 0.015 0.02 0.025 o0.03
Krf(sec) : MREFTRIGERTZ A
(b) FaBHLRRRY oD 3ok i
20
R e
1o [EEEOEEE TR ~—
B
£
gl 10 =
< 7
o 5
oK 7/
%
0
e BEEN X T OROIERBEABEAE |
_5 I I I I I I I
0 0.001 0.002 0.003 0.004
fFfi(sec) : RELEBZHIFEAZE O
(c) Ha AR TRy o> M B N B
E-10  FHH A7 fusidsil o JndHE s L 5

T E K UM A B D B H 1)

— B2 BE-10(a) IZ=T. IO T T 2N OHE 5y D35
FHREOIMBE C, #HD~ A T AU~ OF Sy 03 Hik
ICHETZE LB o NEE TH 5. [ () \TIEFH L 7= nk
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THE CENTRIFUGAL MODEL TEST AND THAT REPRODUCTION ANALYSIS ABOUT
GROUND CAVE-IN OCCURRENCE BY THE UNDERGROUNDING PIPE DAMAGE

Masafumi HIRATA Kenji MARUYAMA
Takeshi ISHIGURO Yudai OHTSUKA
Hiroshi YAMANOKUCHI

Synopsis:

In the road cave-in accident that occurred in Yashio-city, Saitama on January 28, 2025, a road sank suddenly
and attracted big attention. For the factor of the road cave-in, the thing in conjunction with the undergrounding
pipe of road water supply facilities under the ground occupies overall about half and, with the deterioration of
these undergrounding pipes, is expected when the cave-in accidents will increase in future. Therefore, for the
purpose of the examination such as mechanism and measures technologies, I carried out the centrifugal model
experiment that simulated the ground cave-in by the undergrounding pipe damage. By this centrifugal model
experiment, I confirmed that I influenced the cave-in range in the timing when a cave-in occurred by the
difference of size and the ground materials of the damaged opening. In addition, I tried reproduction analysis by
FEM for this centrifugal model experiment. Because it was FEM analysis, it could not reappear until a large-scale
cave-in of the ground, but enough results were provided about the prediction of influence and the cave-in range
by the difference of the ground materials.
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TEST COMPACTION OF BENTNITE SOIL MIXTURE
PRODUCED BY MIST-BLENDER METHOD

Masayoshi KUJI Kazuto FUKUDA
Yoshinori NIHEI

Synopsis:

Radioactive waste generated from nuclear power plants is classified according to its radioactivity level, and it
is planned to be buried underground at different depths depending on the classification. For each disposal method,
bentonite soil mixture with low permeability is planned to be used as an artificial barrier material to suppress the
leakage of radioactive substances.

In this report, bentonite soil mixture, which is used for the shallow ground (pit) disposal of low-level
radioactive waste, was targeted. In order to focus the conditions for materials used to ensure the required
performance of the cover soil, bentonite soil mixture was produced using the Mist-Blender method, and a trial
construction was carried out. This report presents the results of that trial.
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DEVELOPMENT OF TECHNOLOGIES FOR PURIFYING PFAS-

CONTAMINATED WATER
Naoki HAGA Yukiko HAYASHI
Jun MORIKAWA Masaya OOTA

Satoshi KUNII

Synopsis:

PFOS and PFOA, types of organic fluorine compounds, have been widely used in many industries due to
their usefulness. However, concerns over their toxicity and environmental persistence have led to stricter
regulations. Their high solubility in water poses a problem for the spread of contamination through water.
Therefore, we developed a purification device that adsorbs and removes PFOS and similar compounds from
water containing them.

This purification system employs ion exchange resin with high adsorption capacity. It establishes a purification
method that treats contaminated water stored in tanks using a circulating purification process, enabling
purification while predicting concentration changes.

This purification system and purification method have been applied on-site, successfully completing multiple
purification projects.
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(HIFR) 1T, 2019 4E(Z PFOA MHtEE A (BEHE) 128
Sh, EABRG SO E BMEREL TV D D,
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FEWEOFEITEICOWT @@ J IZBW\WT, KEREEIC
RDE TN BEEfE & LT 50 ng/L (PFOS } U} PFOA @
AHEME) #REL, T ORMEL Y SHTEFRDO PFOS X
X PFOA DOHEHIE & 72 ¥ 15 2 Jii g% Jf 0 % T & i L
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ERIFFIR 0> 37 HLSICR W T, KEBEOEE B OBEN
RS .

HUFKRBREEAK TO—EDBREH RN BEE L2 Z &
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EZzbhi.

RFRFRFFRF R FR FRF O

F. "4 F
4 “OH o
F FF FF FF FO F FF FF FF F
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X-1.1 PFOS,PFOA #iE=

1.2 BERBRRUTHFIERR
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NERORY 7t a T v ilbad (PFAS) & EE
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B &z ST — 7, JAEKEANCE END PFOS 13
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WEN OV RS T 5.

TAVH KRR &2 RV D1 KEREIE TTHKAR 2=y
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B : A%/ —n
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[ TR SCIEX#:#  QTRAP4500
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PFOS %23 0 BRI IZ K SO LEE B IC R D & 3

52 6T, MAAKERSTEEHILETI IR THS. 2, —RAEREROGORISEER S HE L9, PR
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3. HbIix&Et
3.1 BEEEEK
BHYE L7235 L2EE De-POP’s IONe D252 BE-3.1 |
R AREEBEITAEIIGOK P OWE (SS) ZEBRET LR
WIEEL = N, TORBEICKTOEKY » FILED
ERAET DA T RBBEL =y FD 2 OBk I
%. PFOS 2 300,000 ng/L DK 30 m % EHLALE 25
ZEEMEL, 50 L BEOA A UHIRE S 6 HELL,
1 R 720 5.2 md OAKMLERS AlREZR 350 & L7z,
ARALPHAETE DR 2 ]R-3. 1 1R T,

JKALHEAEE [De-POP‘s IONe ] 42 5:

EE-3.1

AL A W TE MR O PFOS %& A /KICxT %8

Ay hAT— LR EITV, EEOMEE, K OME
R LIEOMAME AR LT,

-3 FEEALAR
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(AU RHEL =y N L EECOBRBOEA)
I A e WAMLEE 0L x2
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WK
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A A AT | BIIEEE 50 Lx6
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3.2 4By FR7T—)LTORREILDOES
(1) RABRAE

12 OHRAFE A TR M3 N DG KA & 0 5T
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- - )
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£ G
PFOS I | B bk TR A4
CAS No.1763-23-1, i 98%
PFOA iR¥E | B bk TR A4
CAS No.335-67-1, #lE 98%

Z ORSRIER KT, A A ZHAE 300 L 2 L7
De-POP’s IONw®!Z & 2 FE BRI L7z,

ABHR UL 12 m S B KA N DR TG Je K & TN De-
POP’s IONe#LEK & L, 1 Kf#Z & IZ 20 FEE T 7c - T
BAKRZITV, 2.1 IR L7 EIC L Y PFOS S DR ES34T
T

B LI L BRI 2B E-3. 2 [TRT.

BREEE1I=v b’

BE-3.2 #bIEiEiz L 53R
(2) HAERHER
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DEIE) 1L 70~130 %PHFRHAL e>TND . 2
DAL, Ay h AT —)LiRER T OBGRE & EE
D 20%533 OFEHEZ DN\ CTITFFRFIACTH 2 L fllr L7,

B & NEMORMO R IL, MELZHRMLIZZ &
WL TEOWED 12 mAKMORNBEIZAFEL, &I
75 L7z PFOS DR 2K T 272 B2 bR
7=

IS OFERND, De-POP’s IONe% W2 IEBREHLIT
L THEELTHEDTHY, HEmRicd L TLReRe A
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ESTABLISHMENT OF PURIFICATION AND REUSE METHODS
FOR PFOS-CONTAINING WASH WATER

Satoshi KUNII Masaya OOTA
Yukiko HAYASHI Jun MORIKAWA
Naoki HAGA

Synopsis:

PFOS-containing waste must be disposed of at facilities equipped with incineration capabilities as stipulated
in the “Technical Considerations for the Treatment of Waste Containing PFOS and PFOA” published by the
Ministry of the Environment in 2022. Metal scrap and wastewater contaminated with PFOS are also treated as
PFOS-containing waste; however, there are currently some items that are difficult to dispose of depending on the
facility. During the demolition of a certain facility, metal scrap containing PFOS was generated. In order to
dispose of this material, it was necessary to wash the surface of the metal scrap to remove PFOS prior to disposal.
To purify the wash water (PFOS-containing wastewater) generated during this process, a PFOS adsorption
treatment unit was installed at the washing site, and it was confirmed that purification was feasible. Furthermore,
the treated water was reused for washing the metal scrap. As a result, it was confirmed that the volume of PFOS-
containing wastewater generated could be reduced to one-fifth. On the other hand, it was suggested that
coexisting impurities in the wastewater may inhibit the adsorption treatment, which remains an issue to be
addressed in the future.
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1. B8

1.1 #tx1E2

BT v FAWIL, B - LB EEICEN T
NREOFILAEM TH D, AT v FEILAEMOF T,
ST NFaTARALEY, BLOKRY 71rdn7 L%
MEEHDRFR%E PFAS EIFDY, RFEMZRHE & LT
VTG at s Z AR (PFOS), ~L 7 VA a
7 X2 R (PFOA), B L UYL T A a~FH ALk g
(PFHxS)3 & 5. T CIIBREREN, B L OAMEEHEME
DMERE Z 41, PFOS 1%, ZRBEVEGHIGYMEICBET 5 A |
v 7 BNV AERIPOPs RENOAEE A ~f#Eisn Y
PFOA (I} BYIZ, PFHxS IIfHEE AV SN T
W5, 2025 AFD 5 HIIE, REK 9~21 OREHALT
JLA H VIR TE(LC-PECA) & # D, ¥ LT LC-PFCA
BlLEWE OMEEE A ~OBMBRE L7z 9. BNTOE
R B A, PFOS « PFOA - PFHxS 131k 5 4/E A i
BOFE B FHEIIEESN, b axEtiy,
ORFE WA - BANEBI STV Y. E, KEES
B 1k ik o BEEARTE B AL E M T b, EEHEHEE LT
PFOS * PFOA OGFHME 50 ng/l RFESNTND 0. &
LI, BFf 5 4 2 A XY REREEITSO—H A %ET L,
PFOS - PFOA MIEEME & &, MHEOHEARAEL
B oG EE NI I 7.

KIEIEIZEB WO TIE, PFOS * PFOA 2 /KE & HL B AR &
THE 92, PFHxS IZEMRFHHEE ICRES N TN D, BRE
BrIMCkolEfboB X IZ#HBI L, S 8 4F 4 HLY
PFOS - PFOA (2B 2 /KiE/KE HHE L L C, PFOS -
PFOA DA 50 ng/L 3 E L7z 9. &b, JEAEYH
BTHRMAAEEICIBO T HIFERECEIK O R0 B % i
FTL, IRTNU+—F—JHIZH T HEMEE L LT PFOS
& PFOA DA HAE 50 ng/L AMHIE & iz 10,

IREAREFIENHIE S, SHRITEEKE~OEEN
RESNDAREMN b 5. BRERA OB R Fl L
ToAKE AT, WD S EEREHED 50 ng/L % Hif
9% PFOS - PFOA BNEEAH THRIHIN T\ D V. BATE
fbLoodh s 11 - i FKRP~DOFYRIZK L, SR FkL
DOWESLINBHETH D

-
-

1.2 PFOS EEEFHREY

PFOS - PFOA - PFHxS(LL T, PFOS % &\ 9)iX, 1aiH
KRN O TS E LTHERAIN T D, B LI
ROMEFRBLIOEHNEESHM TCERINTREY, @HE
KERMHICHR L CHRBRICHEIRRE S T2 1D, Ja v Kk

S, MRWAERRRY v, TERE), R
i), JATHKEAFEZ AR D720 DK EZHOE <

TEFAHE | s SRR STV D W, KRS S
DY AIEHNZ W TIE, 2021 “EEELIF, PFOS - PFOA
FHEAOWME~BEXRANED N TS 19D, BEE N

AAREMIZHFET D PFOS 555 A Vi1 I A o 4 [E i 4
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EEMLIZEZA, HFf 2 FETIL 3388 U L Thol
DIZx L, &F0 4 £ TIE 185.0 77 L~ 45%J8ib L= 2
EMHBNERST219, F1-, PFOS %8 A1 KA %
FEAT 2 HiE% 0 DR~ PFOS I H i3 4= E 4 Hh
TRALTEY 719, JEBT WX EtED 28X
KD BN TS, SBFEIC PFOS %58 VAT Kk FEH % fi )
LIZBRED & 2RI, T 0 OREN—ETH il
RKEINTEEILECZHEERE SN, BELEHAINT
WAL T D OVEME KRR ML, TEE KA HRT S
PFOS Z73(15 « BEL T D AREMEAE V. PFOS &4
BREFEYIZ, FEEDOWLE, BIOERICET DRI
BN THERIE BEPE B I ITHE S LTV RN,
PFOS % &HEEY & L TREZDOEDT- [PFOS BLW
PFOA & HBEEY DAIRIZEIT 2 BB EFIE) (LT,
BB FEHE WO YOUCHIL TRV D = & i) T
bb. PERPETEWMIRNE R O R E T T HEITEN 2R T
21,160 1, o5 LEFEHLERIER X 2,944 FHlcoIiEs 2D
2, HINRRE S A - - B BE SRR S T
SVEESIZEINIC 18 &, £z, 2 b ORERE
L, EESHICHDOTIEARLS . MBS L ETTELS
DRFNCH 5. I, HBRRABEZREIC, =T LA
HE72 PFOS ZHEHHEIEMOMN B HIRE SN, IR FESE
WL Wb nWETibdH 5 2

A ClE, PFOS H&HPETEY & LT PFOS S0 L
R THIRV - 7-. PFOS %54 & Tl JCHEAIA M
HLIZHKBRMERE R, MESR T & LTHAE LN,
T E = ANAURTHE 7 WL B e % 3 X4 34 BT 3 S S L
TELT, ZOWNSFIENRBEE o7z,

ZIT, HABRMEEONBEZRFIEL, 5Lk
PFOS %WV Wz LT T@F OB T & LTS
EZITH Z & Lipolz. PFOS Ef1E&RL TOWwHIcLY
A UTZBEKIL, PFOS EEHEEM L L THREANST
D LR BN, WEEETRAET DRKEREE NS T
5508, FoKkEFLL, BELFHETSEE DI,
PFOS % DA it U 7= WG A & BE RISy 9~ 2 05 A8, B
WA B OHIBICEN D, SO TIBEHIL S RO = %L
FIHELHEM 2 X PORBICHEHNTHL EEZ BN
5.

-
—>

1.3 PFOS & & A xRl

PFOS & AKDEALRIR & LT, Hfi ekl & &
AEE2ED = ERAMEOW NS, FERSSA 4 23 Hakt g
W2 K DWAERBIIA N7 FEO—2 L LTHLATND
B TEMERITA A 2R & i LRl 2R RS B
D, KIS TILIEORTO PFOS « PFOA X5 & L TEE N
BAINEZEH G H D0, ENCHEREAOEERIC X
% PFOS 5D & JLHPH o K JFHIE Y238 - L 7= 4
HIHER SN TS 229 —J5, A AU is s £
THFFRE M L S TER, HAREHICT/f ey bR
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(a) PFOS (b) PFOA ¢) PFIIxS
®-1.1 PFOS - PFOA - PFHxS @4y -4k
P06 Fk®
K2 AAYZHRHIEI00LEKE 1 A THEAE600LE K%
B (IERD) (IERQ)

REENED EKGEE
EEK kg ZSmhorSmih . ke UEE

Bk ¥ ok

v v

51’1’13

° 300L 300L °
Bkl WiBE I s QK
(AAIAZ }ﬁzma) (AA3Z iﬁsma) Vayt
R-2.1 ZEEEERG X
PFASTIERRECT
TV TORIERBROEA TS, D PFAS 1T L l
THADTHLZ LR, HRICEDLETOR/NBEND P
EMBEKMEICERA SN r—AbBlh>oH 5 29, @
E7z, TR L BB L OREERAKE VD ERMER X y
THY 2D, SV(Space Velocity)x K& TEX 570, AL T -—i
Bz =7 NCRHTE DRARD 5. MRS [0 etk |
= 2 TAFITIE, PFOS SEAKDMEETE LT, 4 — L i

ST & S WA AR L. A Ao As ) i i
Teix, BHIESSHT 5 Eﬁéf?)? ARG L, MR ERT i | | e orsmes | |
R CAE U % B ATHEREIC X 0 PFOS %2 Brkd % e
L5 M. PFOS 0% %*%Lt%l 11 R | § |
PFOS - PFHXS |Z A /L7823, PFOA (X /LR ¥ L% A K |
LTHY, “hbid pKa AES, BHEFCIIRRA 4> i §
O E L BTN, MIROEIEEE 7 =4 s T ’ §

5. £, BUKMEWREICBWTIE, PFOS X527 v
fb& N7 C-F [x¥F% 8 i, PFOA i 7 {#, PFHxS IZ 6
HLTHY, ZhoBBlEORE~NRET DL END.
BEEOHIEICT, BB AR & 1 4 A Hulstis %
BRH U5 B & X, PFOS #IHAJEE 1,000,000
ng/L, PFOA W& 100,000 ng/L, SS #EFE 30 mg/L O
PFOS E&H/K 6 m® O kA Il L. Btk oKL
A A G 300 LI AGHEE 5.0 m¥/h ClEAKSEDS Z
& T, kB PFOS 5B 12 ng/L £ Tk L7z &
B LT 2. —FH T, BT LITKESRUNERY,
BT 2 R ATIT L o TEA z“xie?ﬁ&*ﬁﬂ%@%ﬁ%ﬁﬁ%@%
e asnsiz®, #brE+T 2880, Htoxt
G & 72 D KA AV T R %ﬁ%ﬁﬁw&ﬂ%f%é 0 = DR
MR AT, KAFRIZ X » T PFOS %%REL, FoOK
FHAMATS Z A TEE, BREMICHEET D PFOS
EEHBFEKEWET D ENARETHD.

K-2.2 PFOS ZWENILD 7 1 —[X

AFWTIL, PFOS %E5HGRB TOWEEETHELL
PFOS E&FHEKICH L, WALHRIC X 5 b a il T.
IHIT, HL LB A K LFIAT 2 Z &2k o T
PFOS %5 £ BE K DI Ot 21T o 7.

2. EBFE
2.1 ABRAE

PFOS %3357 A B4 NEE 2 B X E e -5 2 & C
F&4: L7z PFOS 58 A BEK(LA T, FKE W )5 m® & S
AREIZHFRE L, B-2.1 (R EMRS RIS &, BRiE
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(W AiEE®E, 2 = N EINIEERE L 7o a5 LA
DNAIZ AR —ATHERE L., KPR AT TRARZRKL,
I e S HEE A~ EBICEAK SE D Z & T, PFOS H &R
EUTKELT, ALBKE WD )2 KA BTE L. fF
LA F o R stie &Y, AR 600 L & L, ik
FEIZ25m3h HAHWVNE5.0m¥h L2 X 9IS L. 4y
Mgk, JFOK, bRk, AiBoRaEEERAKEZCLT,
IERD &V D), HEOWELEEEAZELT, IEROE W
2), BLOKBIKRDE S B bEE L.

X-2.2 \c¥fb 7 v —%&s 9. ALEDUKO PFOS %5 H A%
FEIX, 3T OARMMES0 ng/L LI HIZE L7z, B
PRI A7 LT BRI R, B N EEBEYE I Ok &
LCHEH L. ZOWEIEEICTRAELIZAKRERKE L
TWRENIEZ N L, EEEIOHEFHBFARETH 20 %
FRFEL7=. 50 ng/L i L7 AWBUKIE, FRIAEFICE
ETLHLDOLE LT

2.1 PFOS HEED AT

PFOS D 55#11%, JIS K 0450-70-10 3 L OBREZE @50
IZREWEIE L. MR P OBEZIT &9 D PFOS F 4R
FICIAH S8 5 2 LT, PFOS 255 1E OHIE ORE %217 -
7=, SEWEIE, 045 pm DAL T LT 4 VX —TAHil
L(BE-2.1), AIBKEEREHRIIHEL, 03% T E=T
ALY — VR E I LT % B E R RIN(BE-2. ) %17
St BHNERZ 3000 pm T 10 SO HEL,
R BT 5 = & TR & 1572,

R > PFOS FREORIEX, Rk u~ 77
7 EH B HTFHLC-MSMS) &2 W THIE 21T o 72, #&-2.1
\EERES MR, BE-2.3 o EEeR 2R, LC
% ExionLC, X7 A3 Kinetex C18 2.6 pum 50 X3.0 mm,

MS 1% QTRAP4500 % fi\v 7=

2.2 ZDMDKESHT

PFOS SR E LIS O KGRI & LC, TOC(Total Organic
Carbon, 2H#/x3), pH, EC(Electrical Conductivity, &
RARHER), A A (F7, CI7, NOs~, S027), BiA A
(Na*, K*, Ca®", Mg*", F&", APOREREEIT-
7o, BAAVIEAA Y I~ NI T TR, BA A
1% ICP-MS ZHWTHIE L7z, TOC 1Z&A R FEFHE
FEICTHRIEL, pH BE W EC 134T ZEMIEICTRIES
{To7-. SSIEEEIE, JIS K 0102:2016 TGHE/KRER T
YL TITVY, 045 pm DA T LT 4 LA —TAHEL,
ABEEEZRR L. BSoh-ABEEICHL, ~1 7
nAa—7ERNTHEZBZEL, 77— = EHRMRHA
WG A2 S VA HR(FT-IR)3 KL R 0 /L — 25300 X
43 YA HT(EDXNE THPEHTAR L 7=.

3. PFOS FmkiE L IEEABRFER
3.1 HEBREHDRE

WAGEEZ 2 DOFMFIZHREL, FTEDEFTCTO PFAS
RO 2 M8 Lz, JFU/KH O PFOS I 2,900 ng/L,
PFOA 21 3,000 ng/L, PFHxS 21X 140 ng/L TH Y,
A 6,040 ng/L ThoT-. E7-, SSIEEIE, 16.6 mg/L T
Hoiz. E-3.1 |2 PFOS SWFENI ORI R E R~T.
WAGHE 2.5 m¥/h 12°C, &BKEFTCO PFOS ZiRE DA
bR L7-. BRIBTR TIiX 5310 ng/L TH Y, FAND
EDNTRAD LTz, i, MRS I & L7 PFOS %
DERB(RD AU EE I CHE SNzt E 2 bh
%. F7-, IERQ, IERQ), WHKIETILENENER
[RELL F2ng/L Kiifi. LT, ND W H)EME L=, il

#£-2.1 LC-MS/MS ORI &S
(@) LC &t (b) MS/MS &
sz B . SCIEX#EAY ExionLC S4B . SCIEX#LH. QTRAP4500
VAN : Phenomenexfl:# Kinetex VAN : ESI Negative
AR : 15uL SRMZff: . PFOS 499—80 (FER) 49980 (7R )
75 NiEEE . 40°C PFOA 413369 GERH) 413169 (HERH)
B AT (0.02% X[, 2mMEERET > & = 7 AEAK) PFHxS 39980 (ERM) 39999 (Hkst /M)
BilZ (A% /—\) BC4-PFOS 507—80

0~8.25min A% : 80%—2.0% BI& : 20%—98% BCs-PFOA 21-376

8.25~ 11min Aﬂf 1 2.0% B({fi 1 98% 13C,-PFHxS 402—80

11~11.lmin A% : 2.0—80% BifZ : 98—20%

11.1~15min AW : 80% Bt : 20%
it : 0.6 mL/min

BEE-2.1
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~ 1LE+02 | ~ 1E+02 |
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LE+01 | LE+01 |
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RK P& IERD IER@ PUB:/S Rk BRiER IERD IER@ ALK
K ERT BRKERT
(@) WAHE 2.5m’h (b) EAKHEE 5.0m¥h
K-3.1 PFOS SW A4 MBI 35T 5 /Kol FEfE Rt BR
1.E+06 1.E+06
[ EPFOS BPFOS BPFOS
1.LE+05 | 1.E+05 |
OPFOA BPFOA BPFOA
S LE+04 | OPFHXS OPFHXS | ~ LE+04 | OPFHXS
2 EEL o&ft §) o&it
~ LE+03 | ~ LE+03 }
il jiid
1 E2 | M po2 |
1.LE+01 | l H I H 1.E+01 F lH lH I
1.E+00 I |_| ND ND Lﬂ 1LLE+00
Bk IERD  IER® K Bk [ERD  [ERQ@  AnEK Bk [ERD  [ERQ@  AIEK
SR SRR SR
(a) 1[HHOE(LiER (b) 2 [E B OFA{beEk (c) 3 [EHDOE{LiER
X-3.2 K LALELZ X 5 PFOS S84 LitBR

AKEE 5.0 m/h THREBEOEREEZRL TR, @k

PFOS %1% 5210 ng/L & 720, TERQD, IER®), #LEEK
FETIZENEN ND THY, +HICBELBETETND

BWTi Xk 0 #EL PFOS
AGHEEE 2.5 m¥h 12

EAMR L. RKHOBEIZ
%@?%{té@@%@%a“é 7%, LAM:iE
T PFOS W ENHZ1TH> b D & L=,

3.2 %;T%i_ LALIR(Z & B PFOS S50k 75 AL IR K BR
W TEDTZIBAGEE 2.5 m/h 12T, K22 BLUOR-

3.3 _mi‘@ﬂ:7 1 —|ZH3 % PFOS SRR AT o 7.
PFOS W ELIRABR O ERH R4 BR-3. 3 1Z777. JFK
H1o> PFOS HiREIE, Vel ge & 7e 2B NELOTE YL IR
PLICEER L CIRE S —E & 1372 57, 1 [B1H 386,300g/L,
2 [a1H 433,000 ng/L, 3 [0]H 192,000 ng/L & 72> 7=.

1 [ B OWELEETIE, 386,300 ng/L Tk - 72JRAKN
IERDOTIL 5 ng/L, IERQLIPETITZ ND L7eoiz. ZOA

PK ZRCETEEERICEOE £ L, 2 [BIH @ PFOS %4
HKRESZ., ChEEREBEORKE LT 2 BAONHEE
FEhi L, 433,000 ng/L ToH - 72JFK2 IERDTIL 94 ng/L,
IER@ T 21 ng/L, ALBEKIX 47 ng/L & 725 7-.

[FEERIC 3 [\ OBEELE% OJFIKIE, 192,000ng/L & 72
v, IERDTIE 106 ng/L, IER@Ti 60 ng/L, HLEL/KIT 52
ng/L L7320, Z DR TRERZRLEKD PFOS AL
2550 ng/L A Z -, —EHOWH &AL ER Y KT Z LT,

PFOS %A% 48 < T O A BRI 2 BIFEFIHT5 2
ETRETH Y, WKl 1/3 IR L 7.
3.3 #R LANEHEDRERE

Lako> 50 ng/L &R L7 LBk ) LT, PFOS i@

WK 2.5 m¥h &L, WEALER
X-3. 4 |ZEEEMER Z RS, K
W 35 ALBE AR 2 AR

ORI AR B 12D
EEICTUEEZIT 7.
R > I CALBE KRl D K & Bk L,

}E‘\’.ﬁﬂg &‘\’.ﬁ'ﬁ% &i\‘.ﬁﬂg ,E:‘:WHIE
=3 PFOS%

PFOSE : PFOSZ% 3 5
/\ SEK K /\ a8K E8K K —=> oo
PFASIIE  HE%H PFASITE &% PFASHE ,ﬁlﬁa,ﬁ PFASITE &
BECT R R BECT 2R BET SR BECT
X-3.3 #uk LALERIC XD PFOS %W 5 ALBRERBR O IE

167



kO K@
A ASZHBBEI00LEKE 1 A ZHRAS600 LK EE
(IER®D) (IER®@)
RLERED BUKALE ST
AEK . mko Y4 X i KO
Vi3 i 08K
n 1l : n
S5m?
300L 300L O
[RIKAE WaBRE IRERE IRERE JUBLVIRi
(AADAERR) (A 3ItERE) apied
X-3.4 FEERAHECoOIEER &K
1.E+06 ~ N N
: - F-3.1 MR LB 51T 5 b i
= OPFOA ALK R E ¥ 5E
DOPFHXS (ng/L) (OK:50ng/LLLT)
o&st
=8 ND OK
2@ B 47 OK
I H I |—| I H 3EH 52 NG
Rk IERD IER@ ALEEK 3@ E (ﬂﬁﬁm}g) ND OK
SHTHE AE B 29 OK

B U LR B (4 |1 H)

— A CHEE L, WA ALER U 72 K AV ER KRS (2R E LT
Z OB EE AR R LT-. fEBRAEEH, IER
@TIE ND IZE TR L, E/KEFR O PFOS SN
50 ng/lL U &7eo72728, 4 [ B OWH~OF A TTHE
Lot 4 BIEFUKOWAERBEZIT > I fE R %2 K-3.5
IZ7RT. IEROTIL 29 ng/L, IER@ T 8 ng/L, ALK
29 ng/L &72o72. 4 [EIH OFuR LAFRICE W TS, A
IKIREEDS 50 ng/L LLFCTH D78, 5 [BlH OEENEED T
HAEENAIREL I o 7.

£-3.1 ([T PFOS SRR &I ERS R 2 5E L
7. PFOS Z%ft#H&R < T OB 4 [B1E TH
WLFHTE D Z L 2R TX 20, BAET HBEK
B 1/5 0% TIEE L.

3.4 EKDKEDH

Bl Y EICE BT 5 &, PFOS S5 44RE < 13N
BERIRENLZ L THREBEISNIZEE THY, ZONEE
WA IZ PFOS % S e KRB TE LEFLTWA.
Z OFEE NBED B I A N EE VEYE 9 5 Z & ¢, PFOS
ExRELE.

X-3.6 (2P KkF DOGA A ORER R EZ/RT. JFK
FIUZ Ca?" BHMZ < B ENTE Y, MK LR
ZENDHIT LT Ca2TEEIML, 3 B HDKFKTIE
1427 mgL L7eol-. Zhik, BENBENRFIOENLH
MZEEND C2TiIckrbneEZLND. Fi=, HE
MR RO&ES Th D Fr, APTITIZIERM S
ot Fie, B-3.7 IR LIRBKF OREA F 2 OH|

)
93
S

250 250
oRxk =12V =12V
200 200 200
a OIERD || T DIERD | |D OIERD
) E) El
E 15 BiER® || £ |5 BIERD || E 5 OIER@
jiid jiid it
£ £ £
N 100 N 100 N 100
-h -h *
A s N
50 | 50 50
Na K Ca Mg Fe Al Na K Ca Mg Fe Al Na K Ca Mg Fe Al
SHIEE SHTIEE SHIER
(@) 1 [EH OB LB (b) 2 [E1H DB (c) 3 [EHDELER
®-3.6 Huk LEIZ X D851 4 ORIERR
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BRkK @Rk BlEkK
5 200 e 200 e |3 200 .
£ 150 BIERD || £ 159 BIERD || £ |5 OIER®
. " x
f'\‘ 100 ’\ 100 ’\ 100
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v ~ ~
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L ] L. | 0 L
NO2 S04  NO F c NO2 S04  NO3 F . NO2 S04  NO3
SHIEE SHTIEE SHIEE
(a) 1[a]1B oAbk (b) 2 [E1B OHFALER (c) 3 [BlHDOHLRER
X-3.7 MuK UAERIZ X Bk2A 42 ORIER S
20 1 100
oIEE o1EE
is | - 50 m2E8
é o3EE % 60 o3EE
E g
Q
8 8 40
> 20
0 0 | |
JRIKIE 1ERD 1ERQ@ JRKE IERD IER@ JRKHE 1ERD IER@
KB AT K ERr BRKERT
X-3.8 TOC D&k H K-3.9 pH DOHIERER B-3.10 EC Ol E s 5%

BB IS LB e £-3.2 SEYE D EDX
SARSSED T 78 5
TR wit%
i} Ca 99.3
P Fe 03
g o Zn 0.2
e co o Sr 0.1
EE_:} 1 M{%%g@iﬁﬁfﬁ /E 4000 3500 3000 WaiSe(I);)unber ?:I(::)_l) 1500 1000 500 Cu 0.1

B-3. 11 SEEAE ORSMEIRIL A s L
ERERTIL, SO&L ClAfREnE. 1~3 MAXTO  HOKAN 111 E@EVEER UL, ZRIERR OB A 4

BmA2BlZE+T 5L, 3 BHD [EROICT Cl AN 242
mg/L L bE< 2> TEY, BV(Bed Volume)2SH k45

T ClUBRENRLIZEFT2HEARH D, —HRIZ,
PFOS %607 =4 > & A A U ZHBIRICW A3 D120k, &t

SLA A ¥ (counter ion)& LT SO Cl  AHWHLNS. K
IRITDCITREDO LS, o7 =4 @Rzl T

A G URBBIENOER LA A2 E 265,

DESIT, F—0KRE#HRLFMTSZ & T, MEHEIT

-
—

BR5600, BA A4y, B4 EBITKRTICERS
héfﬁﬁé”%@w l/fl
F72, ®-3.8 Iz TOC OKESHHERERY, 1 [AIH

DOFAMETIE 18 mg/L & HEHEWL OO, Z LT
BERRIR S CLE L.

X-3.91Z pH, E-3.10 (2 EC O#ER%E/RT, pH L 3 [l
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VIREOREFR NS S, Mok LABEIZ X D Ca2t OUEE
NEGLTNDEBEZOLND. BC IREFELHEEZTHZ L
THEBEICTER L.

BE-3.1 125 K% 045 pm DAL T LU T 4 E—T
LB, 72— RICHE SN ZBREDE D~ A
s uAa—7EHERT. EOON KOS HER S
Nizie®, ZofbEEaOREEZR A7, B-3. 11 IZ FT-IR ®
WUR AT b vZRd. LiEE LT, At A b
TR ETDREEA N D LO—HERAIEE RV, K
& HRVEE, [ RIS T CO32-ITHE K3 2 R IR A 2
J MNVERLTWASZ E0D, BEWELILYA M %
ERDETHZENRBINT. £2, £-3.2 ITHRD
EDX MIERERZRT . ﬁ&&ﬁi Ca2+7% 99.3 wt% %
HOTWND Z LRI, EFET DA 4 o FHT



ISR CTE o7z, KFPOHEEE O EFIX, PFOS % &
BT OB R E LD L, BEZEETIHENH
LZEENDH W, KBV TIE, BREEETOBK
VKR OB TIE7 <, @ LI R TICL D D
DEEZT-.

3.0 HRLEER
A I U RERNR E AW ELEEIC XY, PFOS HEH
KOPFAL L GR LALBR 24T > 72, BE¥F/KIZ 4 B T
50ng/L LA FICHb TE A2 L 2R L. Fhic Ly

O LALVERZ U7V A & Helit L C, PFOS S& Ak %

1/5 £ CHIE CX7=. PFOS SEMAHFENNKT LIZHED

SR E LT, B-3.4 ([ TEBRAIEZ V-, fFERAL
FRIC LV A Ao AZHakitE & PFOS %556 A /K Db %

HWOL, IRMICBERBEZNS Z ENFAETHS. [
BRIC, A4l & o2 & RoHEE L
T, WREIHMETT 5600, KAUBREBD SV 2 & 51
IWELFTHZEBAEDTHDEEEZLND.

MR LALEE9 % Z & C, PFOS ZEBEENY S0ng/L LAFIC
HFAL L7 o T IRDS, KHPICE TN D KD ZEIZ L
DA A AR O ASBES DMK T EHERI L, AKE oM
EATolc. TORKE, FOKPIZEENDI NS T LA F
CHEDOHINLY A ML LD EHE L. AR TIE
BRE L E N2 WA BREDESCARESOME 2 RE
THIZET, A A RZHRNE O A WLBERE ) &2 X 0 B
THZEMTEDEEZLND. DD, BREGEAiR)
B LA THBIIEZ FFIE L2 REEEOMIC, TEHE
RWEEXBEANTHZ AN THDLIEEZEx LS. WM
KO LIEH OB EZ S Hicm ET2F8TEnE
—JE D PFOS & A BEEYEOMABILAFIRETH 2.

4. F&H

PFOS %4 BV & < S EB-CHEEIC L - T, FFE5 -
APTIZC PFOS HEFBEFMOFAERITIBMT 5 & B 2
HiLD 7S, PFOS “EBEIEM % 5 AIVATHE 72 AL 5513 R & 1
TW5b. KiwTiL, PFOS EEHEENEEDOUEFEHEIC X
S>THA LT PFOS EEAKDRAEREIBTHEEZRAL
Too A A AW & N T2 Ui BE K DL ALER & AL ER
KOKEE LRI AL, EREEOHIRICHST 52 ERHL
nElgot.

B T, PFOS %A GH T 5 THEPH NKICxH 5
FERERE A D TI Y, PFOS S5 % BRESHIH o6
LRI 2oH 5. K TlE, PFOS HEAKE(E
RPN THEIEILT 572007 7o —F 2B L
2, ZHUE PFOS &% B HIRAH~BIT S, £0OW]
FIF D PFOS FEA2ZNEMIIHRET 2 FEEMFLIZH D
ELEVWZ DI ENTED. TD®, PFOS %46+
HERZ DM D FEFE & o T bR BRIk L TH, K
b7t 2 HT D ENAREEEZOND. TV
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K, KALT2Z ENTRINDZE PFOS HiZk D
THYeERITxH ST 5728, PFOS %D AERFIITAR 5 5,
DIVE & EEERE A SH L bED TV FETH 5.
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2. ERERAKIEERT T M K 2 EKMRAT 5. BbhiC

3. ERDOY— R 7 HE

STUDY ON WATER PURIFICATION OF THE OUTER MOAT OF EDO CASTLE

Mayu SUE Tatsuo YAMAMOTO
Toshiaki YASUI Yoshiharu SUZUKI

Synopsis:

The area around the outer moat of Edo Castle has adopted a combined sewer system, which means that some
of the untreated water is discharged into public waters during rainfall. This untreated water is called Combined
Sewer Overflow (CSO).CSO can cause blue-green algae blooms and water pollution, resulting in problems such
as poor scenery and foul odors. To address these issues, the Outer Moat Waterfront Regeneration Council was
established in 2016. The technical subcommittee has been conducting extensive research into improving the water
quality of the outer moats of Edo Castle (Ichigaya Moat, Niimitsuke Moat, Ushigome Moat, and Benkei Moat).

This paper will report on the following three topics: (1) Water conveyance analysis of comprehensive water
quality improvement measures using an ecosystem water cycle analysis model, targeting the three northern moats.
(2) A seed bank survey of Ichigaya Moat. (3) A test to suppress blue-green algae in the three northern moats using
Myriophyllum spicatum from Benkei Moat.

* LA g e Sl 7 e —7 * QARG BARFIEAREE  ARBANES
* SIRELRY: TWA T HWBREET VA > TR
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1. [FC®HIC

TLF 3 OB B oH T Bl & B IS N & S s TR
RENEBY, 1636 FICHEENT T L. WEITHRME
PIZIFEN L THOL BNEDITHR LT, T HARTEF
WL o THEINZEORENH D .

Wik, SMEIET - BB, BTRMNE, AR, REE,
RS, EmEE, ME)I, Wil R I TV, H
TR KA ICEABECHRBESEDLTHN, Ty A
B, WRMHE, A, FREEOSKIE ZETIL NS
(LLF, SMB Ll &Zrot. 20%, BWEBKED
FASH A2 2R IC BN AR D DRAREILENTZZ b H
D, SME~OFKRER WS-, &512, TAEE
BV TAMANEA SN2, AR TKERREK
FFEEFE K (Combined Sewer Overflow : CSO) N MEIZ A
L, KEB(EPET LIREE 72> T .

Z T 2016 4E, ABEDOBEEFLICHED TKE
#ib) & TRBl&FE 2 B0 HEKDEERES
(LLF, ShEmiss i) | AR aniz. s
S EEERS B L HRT SRS Ol S, R E
XU & LIANEICE D 21TEe, SMERBOKRFELE
ERAZHAFER L CEE. Z0 k) BN L A
D, R T WAV DOTIZ Y RTVA )
(2017 42) ,  [ARROHF B (2021 ) = REKD
WU HRME versionup 2022 (2022 4F) ERTWA. Zhb
D EAFFEIZ BT, SMNEO KB SE S HE R R O
—DOThb. £, MBEONKESEE BLIKMICHTET S
rooryayes b LT Mg Teyc s M) »
FEINLTWS. R7evy=7 M, SHHREDE DM
b, BHEMMEORSE, TROBOWOHORIHE VST
EAEE B b BEE R T B0 0 B RN T
JvarvE LTMEMTORTWA. 32bh, HE
7Yl b EIN D ORISR EHZ K-S < FEhE
BEEOMRTH Y, HHEOR EOBEEREE ZH 5T
HEWZD.

R TIE, SBEHHRDOEIFORISTIToTER, K
BEIIHIE L e KO NKE LN ERE, EEREE
BLIEKBEERETVICEOVRFI L. 27201, RETE
LEAKOKEITIX ERPZH D, £ 2T, MEIICKE K
BEITOZEEZAMICS, HrBBEDOY— AV IFER
BB T D RER ) THENT » BEOT A aD
FAEMENCE 5T 2 MO W TRETT 5 7= D D RNRR
i L7z,

2. ARBRRKFEIRETIVIZK 2EKEH
2.1 B#

SEED X DITKDOTRABR D72, KO E DMK
WEASHMEAKIE T, REEF CHLIERB LYY V3%
FEL, ZNAKEEOERERLR->TWVD. 20X
S 7o FRAEIT R LT, TEE K EE AT DL HEKIC
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Lo TKEREZRET 2 HEPEHTHDL EIN T
5. Linl, SMBICEAFREZRKIE, WKk E—ER
EOBRBIWV VE2EDKETHLZ ENTREIND.
EROKEPMERLTH HIFE, KEWFIIHE LD
KIS AEEEICH D, LieN- T, Fkoisk
W& BAKEEALFE O RICHTZ Y, KEEKEORR
FHICT D ENEE L 2D, AT, TSR
WLV SN e xtg e 35 [ERRKGREN €
T ERAWT, EKTHKELEKEOREFRER M
T2 2HE LT R ab—va v aiToT.

2.2 BIZEELVETILOBE
AWFFEIISNED S5 6, Ll =EE SR e LT,
gD CSO MR DR /KI O T FEILAFHTHI 330 ha
T, 06 FIL LR MEOHEKIKETHD. £-1 121k
W=F O 2 7~

-1 b =@ o

JKIAIEAE | *EI9GE | Sk miE
(m) (m) (ha)
Mo &R 17,500 1.24 226
R 30,000 1.48 69
FIAR 34,000 1.88 32

AWFgE R Uiz TAERRKEERMENTET V) 1%, %
ITRFZE DI & 0 SNBKTEBRENTE 7 /L (OHAM) & AfER
TFLEHRE L THEBESNE., ATFLTIE, CSO X%
BOIFEK, WEEREODHEWHE L, WhTT7 7
bW BB K OLFER, AW R EITV, S
BONKEGESZHETHZENTED. ATTILITKE
0, EWFENIRNRT A= ERRGET — 5 O, KHKE
WEROLME AN L CEEEITo 2.

2.3 TS H

WK, FENE, SMEREKE, BKIFEED 4 o0
KEUERZRIG L L TR E{To 72, HAKKIT CSO L
SO 72K E R E L CEAKT D Z & TEND KD
ROMH M OEMREEX Y, MH7 707 N OER
Wl %R TH L. Bukic e LTiE, B EKEEE
L7z, EKEIE 500~15,000 m¥/day 0> 30 By, EKKE
Ee%ER (TN) &2V » (T-P) %7 BERETRELL.
£/, FEHEIEL, CSO HEXENOES ETIH5HZ &
TEA~D CSO i mz L, BENOKDFHNE X 5 %t
WT, 6 BMECRRE Lz, AMERA/KEIT CSO M4t
W KEZ BT3B L, —ERLLTO CSO %4 H
MASHERT D68 T, BNIREOHRIRDRP/HIFTED.
SNBIRAEKIEIT 3 SF—, & 4~6 BREDFE 15 BT
RIE LTz, HAKITEEL, BRI OGEATROKRE A
CSO ZASEHKIBIZ R SN BRNZIFE L, BR&T#%
TR~ T &5, KEWEEZ BN E LI HE



ORFHAT HIEHR TH D Y. ITEEEL 16,600 m* & L,
AL IFREE ~OBEEON THE 1%, 2010~2016
2B A0 Z & ORKCSO i/ 5, 10, 20, 30,
50, 100%? 6 BefECRRE L7-.

2.4 BITHREER

AW TIE 4 SOKELERIZOWT, BAREZD
fORIREMAGDOETHREL, BREEDORZR S 2013
2017 RS E LCHRERF L, £, &
KRICL DR OFMAERE L LT, FATHE L FEERIC
(7o~ ¢ba (BLF, Chl-a LF0#) IR OER KME
M25 pgll AT #EEEL L TEREIT-T-. AfTIE
—fl& LT, AR (T-N:50mgL, T-P:0.5mgL) T
2,500~4,000 m*/day DEIK &, B O TRESID 5%,
30% DB KRR E ZAE DR THE D, 2013 FOT 7
BBIZB T DIEHTHRERIZ DWW TR~ S

SHEE R B4 DA Chl-a EELSE A -1 ([IRT.
HHOEMBIIRROENEZERL TR, BEITENK,
JRENVITERITREE D T, OO EITEAKK &K
FEOBEGRERELEGEOREEZRL TS, RN
HIE, W TR 5% DIFRE T 3,000 m*/day LAk, 30%
DR E TIL 4,000 m*/day DL OB K Z F 303 Bk SR IE RS
FOWEEDOHREATLHE LV 8~9 AD Chl-a JRE
MER L TWDZ ERNb 5.
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(b) &R 2500-4000 m3 /day BK+EFREADT K 30 %

2500 m3/day =——
3000 m3/day ==

3500 m3/day =——
4000 m3/day m—

-1 iy BB D Chl-a 25 S

22T, B2 X 2013 AEOT BB - FIABITRIT S,
HFAMEK EZOMDOXREMAGDEIZGED, R/
AR R & B IR IS 695 Chl-a IBEZLROERE R

L7ZKTH D, FK»SITREORK Chla B, #E
DOAFFY Chla BEOELL L, HREOHEMIL Y E
ERPNESL RDARMBHERTE D, BOTENKE WG
AIXBNOKRBIE S 4L, HWEREMBE o TnDH 2 e
WHEETE, ERo X H512CSO Ml X v i E IR A3 E
% & Chl-a WENEL 2D EE 2D, SNEREKES
FEHEIC IV T HIABEID, CSO 2+ 2 EIEL, B
MTORATRITRE MRS, AW ORE WEKZHAE
DD ERENRFELS 2D EVIBREE NS,

7B, THMEEAEICH LT, 3 B TEELHZTIC
IR AR (T-N: 0.70 mg/L, T-P:0.012 mg/L) k&
17K B A DT 12,000 m¥/day L |, FRLIS o
AHTIT 12,500 m¥/day LA EOEKERLIETHD LD
MR otz Fio, HAKERPAMOEHAN (T-
N:10.0 mg/L, T-P: 1.0 mg/L) DA 1 15,000 m¥/day D
K THERKMEDN 100 pg/l % FESAR-7-.
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CEo=OAEENG EORERHD 9. T,
PHIREH LI O MG TH D 2 & AR STz,

—J7, BREENR D HBENEWE 2 EREOSHTT
i, 4 fE 5 ENEESE. BE 25 m BoOEkb o
FHRIAREBOEENR L, KD TIE~Y BR
BE L. BEREH TS FBBRLEBESN, 7
AFR, RNTE, AR, I XF~ Y URE, FT7HER
ERR LN, —F, BE 3.5 m ORIt ao
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5. kAW TH SRV R 7YX, HENEYWE
(Tva N —WE) ZRHET 52 &R LY
WEENTHWD P, ZoZ b, HA=EITENTY
AYX ) 7V EEFHRTCEXIELZ LT, BEEHRIZ
EENDBPN e R ORI, T A = OFEA M
IR DKEUENRNEZOND. £2T, REBICH
AELTWAEERYR ) 7HEICL D7 4303 AmE % B
%, KRB CRET LTz

4.1 EEBAE
THAADOFEENEEL 2> TWABH r RIEDEREZE
AL CT A2 0RIREEZ M S, iz /KE ]
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T A R BB A FHHI L7z
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WY EEESHT Lz, 72720, EBBM»S 30 HEIZ
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ﬂ%éﬁf KD T AENCEERE OB N FER S h
%, REERNEOFRENS RSB INZZ LD 31 HE
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L7z, F7o, HRBEBEICLIXRBEOBRGZH T LD
%%ﬁzm@mﬁwvﬁﬁb(®m)%1m%mkﬁé
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R4 RSN
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Eﬁm B2k 60 H A
- HIZETE H :pH, WirieR &, wirnedkfafg
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M, KERAZERX CIAEIZLIMERH 75
2B, FRIOKEIC L DHEEEN TR E o Tz,
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FEEPOEH LY VEEET 2720, ROREICH
FolteBZBxonsd (B-8) . S50, HMRX TIEER
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EEEEAE SR S LCRA LR, TAIFREET
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WAERX TR T AaREOMMT 707 o ORER
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BAT DL LWL oTHW T T 7 b2 OFEDIH S
ni=LEZE2605%.

WIZ, 31~60 HE TOERICBWTIE, XD 2 K
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7 N OFEAT IR DT, RREBEOHBANEE SN
7o, SRR G K EL & RIARIC 7 A = ol o0 b M B
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nic.

2036 £EITSMERIHI 400 EOHIHDETH S, 5% BK
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RESEARCH ON [ZEBJ OF MID-SIZED OFFICE BUILDING
THAT TAKE FULL ADVANTAGE OF THE NATURAL ENERGY

Yuta INADA Akira SATAKE
Fukutaro YAMAGUCHI Kenichi IMABAYASHI

Synopsis:

We relocated our technical laboratory in 2018 as part of a project commemorating the 100th anniversary of our
founding. A medium-sized office building, which serves as the central facility for the technical laboratory, was
placed at the center of the site. The building was designed as a zero energy building (ZEB) to enhance intellectual
productivity, and various technologies were tested and incorporated into the plan. The building also takes full
advantage of the site's rich natural environment.

In this paper, we report on the technologies introduced into the ZEB building, the results of their evaluation,
and provide an outline of the laboratory and the ZEB building. In addition, the energy balance between consumption
and production was zero during the first six years of operation.
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225 @D CO PR EIZEREOR 2% % HoTkh, &
IANLF —~OENRRICRO LN TS, Eil
B, EENN ERRER SO Bx T ~0BL
MWEE-LTEY, KERETRVX—%FEHTSH ZEB
(v b ¥r gL X—- ) &RENIOBRE
gmkE, MMEERER EE O EX D AT 0 ANRTE
HEBO TS, 2oL 2ERoH, BHhoAlZ 100
R EFE L LU THERICH - - HII e 4 B s
THI L LMol FZCIHENWIEHTZ ZEB 7' u bk
AATELTHE VL, SREHEMNERGE L E TR
OFFEICKE L. AT, RigixemoMzE, &
V7 Z2F = o PHIZHOWT, FFEEA ZEB HlF O
TR O T O A% OFFMC AL HE = KL ¥ —
OFAER AR L, ER% 6 FMICEY [ZEB) FEEi%
R LI R ERET 5.

2. FEERXMEE
2.1 EHREADHE

B-1 ICA iR D BMEE %,

-1 (AR E 2 on 3. FHEHU IR IR BRI
L, HOMmAER 53,000 nf D HARBRBEE )2 IL K e Ht
HUCEHE L7z, #WE, FBFARO (27 2F v
U CRBIERIS) 1, V7 Ly v a A=A bR
- IR MR, EREEo (Tr—o 1) Hr—v
2] D4 FTHERESNTND., ZOHFT, =7 AF
DRI ZEB R O L U B AR RE & % T
L, [ZzEB] L LT3 B LEEIF T2, BCP
(Business Continuity Plan) (2 ERE L 7=.

2.2 THURF UKD EKREE

-2 ARG TH LTy 2F = VO EI+
Blard. Hl3ERETORCS ¥ FERCES) T
AR EREL L, FBEEITEREOILOZEME RS L
TWa. ® - LI Ay v o ZEE LB S &
KT7VvFv e T 4 1B ZERBRE 2> TWVD.
W THmEICIE, M LOMRE, BEREREOaTHE
SEREE L, SED O OBARTHIEICELE Lz, B4
FAMN T BT 2 HARCHAZFIH L7 K& KR & i
BL, SBUCEET 5720 T2, KEIDKH LK
B D BN, BEMHRR B D K5 YE SR~ H 2
PRIAEZTHZET, SLR5ELER-T-.

2.3 THRFTUTHOBEHE

R-2 \CEaRWEE AR, 22, SRt
KEmKRER S 5720, PRI HOKS HP (B —

AR D S =

X-1
F=-1 S
AR ICI' LAB
i FTfEHN PR
i HeHhinifg 52,572.43 nf
TJA JHi HHPT
Fx UM | MG RC-S it (F/EMSIE) - i F 3 B
(RWFTEREY) | EPRiAiS 2,122 of
N g ES T
(£Z£% o [BEHE | siEwlol
e HEFR AR 4982 it
o i ST
(§g£%% WG WK | Sy F LB, HE 2
7 SRR 3,525 nf
FHig HBAT I Ty 2 AR— R
AN T« Bk AR H b 1
FEPR i 644 nf

-2 =7 2F = UHHME (FEm)

fIncubation x Cultivation x Innovation @ i

=-2 AR
R Hi I K HP -7 —10kW X9 &
e MR ILERZE
a% 75 .%#W%%ﬁ(#&ﬂﬁ*ﬁ-%ﬁﬁ)
ZEMHP Ny r—vx 7 ar
A 551FE, B3R, BIMREOEH
(s Fak S AHE A INERAACE . GACRIA)
Bl ‘el JRPTRERIEARS, BRI
= HAAH : 127kVA, =4 : 94kW
- (Wark 275 B © 6,100kVA)
G A LED #EBH (300~7501x)
B B N - i ol
HROR B | BRI 900 AL
KEgE3eE | B 110.7kW, BEm : 21.6kW

180



R FI—%A Lz RByE T E Lz, 3
BB, SAVRLERZE R + KA KRR ZEdi & L,
ZOMOTaTREEER & OB EIIHEEEEE
L, SNKULBRZETitg + 28 HP Xy r—Y =7 av b L
7o Fie, FEIEBET 2, PRI ERBREE
AT 22T, EIFEBRENOHEE X -7z, K5
SeR BRI ITRE (AR 4° ) L BRI ICET 132.3kW
HE L, REESITHOWTIIHER N DA 4 TF
LTW5.

FHENSREEAOMO

i
{
i
\
SREUAE
N
A K yFo— AN LT ) ¢
H-3 AT [ RBRE

3. ZEB YD E A £ & 5T

B-3 (AT AR T, B ThH D = L £-3  [ARBSSERSE
B EBRE A AN B EA LTz, RIE AR 2 455 A O Hifi I SRR
MEEE D L@ % ORI RS B 2 R T SRR 16°C =AM =26'C
AR -3°CDP =M< midii & =< 16°'CDP
S - S e — -
31 BRBKISESTMBORIERENME o e LR
(1) AT = JEGE : 3m/s LR CHES 7 7 VM8
B-4 \ZAFTO B RRRELRT. FHEHICIT 5T S BREAT S R A L (AL L
PR M O 4 123500 2 B, FE - BRI K0 )
K& B s, 22C, FORMMLOMEEYAD
55O @RMUBICRANZ#RITE. £, L0E<0D o [ T
BB AT O ICRA TSN TRICEY, BE o oo |smnn,
BRI E DA DR (Y12 F¥yyFyr—) LL E i | cIR 1 .l

To. BMONEBICA 5T, AL E 7= 6 0 BB BN i
Sa A LCR LIS AL L, BEEHC bR EIY
CAREFBICED LSBT 7 v BB LE. &
B, HTOBRKEL, A U< HBHE T
VB R O A I L ER - 2 Il L, 2
OB A T T

-3 10 BRI OB 2 R VRIS L O

S o v~ o

S
S

w
S
S

~
S
S

=)
S

BHEHEEBAE [kWh/B]

o

31
(&)

IBI=]
u‘zs 26] 21 28] 20] 30

(@) [ ()] (B) ()| (0] () | ()|

E-4 B AMSGERE - 22PE R E

| MLk ORKRIR
— byTSAMzE B [FontmmpoRA— | i
Ll ¢
SHED
o BIFRE

M5 T 54 Rl

C B F’Jlﬁt‘/*}— L

= | SROEERS (|| Ty RITHA

Bl f SR T | e '—‘

.| | S R FroFr—ick?

éﬁ\ Eﬁ&ﬁﬁ]ﬁﬁﬁ]i
Eifg-tH—FIE L TEX IR -~ | =]
BRH&T UE TR TR R BRRS | T | 3

Ill

ERGEEATLA
FHKEFIRALE (AT EEM +C027Y —kEFIF)

BRS AT L

ﬂi%%ﬁ&

sBev~okmg | | REESERAO [ semmonn

®-5 EAH 5

181



ARBERIRED ETTRBEL L OENSOZ XL E
IZE VB EITY, RERIANOSS, BRBKNHE
ghese v, BEICHRENHEATS. £7o, KEET
LR EDHRTE D X, AREHD 3m/is BLTF O
A, BERTESICHE L@ 7y v 2B ST &
IMEELTND., 2B, BT Ialb—rasifh
KLy, RAICK VAT EEZETL, &L S
SHEBRT DEFEZ LTV, BEIZIES>&En£<
RELRWD, BIEITRAMEZZBETTICT X TORE
ZRBELTWD.

(2) FHif

B-5 (2 HEVHIENC LV EMH L7z 2019 4F 5 A 0 H 2R #L
RIBEREMB L OZERHEEEHOERERT. EEO
TEIRRF I L 0, BRR COEIERERIIE 80.8 HEH] & 72
D, HO4H %2 BRRRICTGEATETWA Z & &hk
WLz, ELITS AP A Z AT HABR OIEIRREH S E
<, BV AT AOEIERRNEL 20, ZEREEE
N KBICHIRTE 2 2 & 2R LT,

-6 (<&M (5 H~10 A) THMREKZE L7
Ba OEIERH S BB HIREOREFHRE =T,
2019 FITFBRIIC 5 ADHOARBKGEH Th - 727
W, 2 CA~10H) THRMKEE L =550
BV X—RE2RA L. RBARKEIZEB VT
1%, ARIRIEOERE L v B AR IERSG 2w
BRI A RE 21T O b & Lz, HRBROERER
ML, S AR b, ZEHERR O/ 7 14 B IR
SKEHRCTEDZ L 2MER L. SH~10A CHEA L5
B, EHREGRE AR 20%HIRTED 2 & MR L
. FREEFNHBBOHBEITN 15% &2, B
KLY RIERE TR VX —RARETH D Z & &R
L.

3.2 AV IS4 v RICk%B5ar kOo—L

(1) BT =

-7 127 T A v RO ERE A2 ~T. FEkmmic
L HARE D RFIEMOMLEZ R T DI 1 Ty
oML, MEICITENMCEE T T A FER
BLEZ. WHAT T4 REBRBOMEBESLKEIZLY
HEICTHBEERA Ty MAEEETLHVAT AL L
BEHOERDREmICBT 5 BNERIIEELEETH
S0, %< ORIREO T 5 PEE % ffR L 72 s
b, ARZHEICERCELHT7 T4 REXEEHRA
Lz, = TBEEMI, W7 o140 e+ L
T H A BNICE D A BBEE AR OHIRE K> 7.
(2) 54

B-8 TR EFHEX B L OFHANI E %, -9 [ZHE
NEKHEK ZRT. MR T7aT @3N TA—F— 3
VEBRATL2EREN DR ENTEBY, ZohoOREflo
—EEBREL U, RIS T I 2= &
KSR BRZE TR 2 N Tt i D 25/ o~ 2 7 B3 F

"

300
=
— 200
= 341 341 329
3 270

100 211

111
0

g AR W ERIRSER

a1 23.7 [MWh] OHER W HAEE
I MiREAE : 4.1 [MWh] 600 0:00
X 6.0
=
2
= 06
4.0
EN
) 6.52 6.55
& 4.65
L 2.0 d
ﬁ 3.54
1.21 1.21
0.0
58 [3;] 78 8A 98 108

-6 HARIKUC K 2B EIHIER R ORE

®-7 W74 F (Fif)

$52 51 8By TSR
/ (EEFFAEE, —5850)
KT A =

SEFRIMEE

277
o

7,300

N e N
Ny PN
O . N
kkkkkk
s L7 40000 e
so, Lot

1700 1,000]

) DX o N
A TFURTIE nIAZ

5,000 L 8,000 1 5,000 1

I:IDI:II:II:II:II:II:IIZgl

-8 G Eim X s L OHIENLE

FHRAIA—IL

- A S —l

——N—CN— g ——

3,950mm

NITFAUF
— 3,600
WISAUF mm
3,100mm
m 2,750mm
- 2,400mm 2,600mm
0 1,900mm 2,100mm
£ -
ms 1,400mm 1,600mm
Q ) ® ) @/ 1,200mm .
[ 1,100mm 1,100mm
[ |
/s =]

1.000mm W 1000mm ¥ 1.000mm ¥ 1.000mm B 1 0oomm DE—
-9 JHEALE Wi X

MEnTWD. AALBLZE TR O R 5K Tk 70T
bV, B FEHOKEAY v b X UKRKH AR

182



LTW5., EFZERIREEZERET L0, F—n
WCEVE A 3R E LA E L VW 1,000mm [ @ CEHAIL
7. RR—=ITIE, Vo —7REF 2B UMEHEE
EEHTE5X51CL7z. B&ET—Xi%, 7—4n
H—IZT 1 MR TR L 72,

JZANE 2021 ££9 H 24 H 13 BE~14 B (F81) 1217-
7o FEHEAT ORI FMENC RS2 RES D720
WCHBREROFEMENZHNT T4 > NI, TS EN
T4 REL, ATy MIIAKFEICEE L (K-
8) . FHHNIANT T A v ROEN D 1,000mm Hi5 L 0
FEHZITV, RS T T4 > READETEH 10 BT
WMEFT-7- (K-8, 9) . 7ods, ARFEWTHARXKHAK
FEERIC L DR A HIET D72012, Z AT IHOKRK
HOEd~cH7 e L, HE~OBRUITIER FHORK
AU > MDA E LTz,

B-10 (Wi 22 AR AT OFHFE R %2, B-11 1I2&
OB G Z T, MEONT T4 v RTiE, Blh
HRIFEIC T TORE EARR OGNS, ZTAUIHS
DL OVNT 74 ROBENLERL, BOHLN
REINPER LB ND. —FT, ARITRT
HT T4 v RIZBWTIE, BEAHEOEE LR 23
SNTEY, 47T 42 FITX?HEHERDEZ R
L7z, B-11 OBEGBN O ET7 T4 v N2 K2 &R
EOENRGIL, T T4 RIZLD Bk B
DR TETND LB,

3.3 A BFRAA—TUIIN—TERH AT L

(1) BT E

X-12 icHiH BRI A — 7 =T 2R AT L O
EAoRT. BRRATOZLSHMIZIE, ~T A b~ bR
B INVTHEGERHY, ~NTANOBKLCIROE
H, IATR—NOWHEKEIKE LTHAKEFEHL
THEY, FHFARAREENEMAE L TUTIT—EDORE
ThHHIEBRDMh-> TV, T ZTARHETIX, &5
PR ERKBICEATZERH AT L E L. KA
T HKOBITER AR E N L, W RS L
TEFED Ty & RIFBF SR~k LTt 1ITKkS HP
FT7—DWmAKE LTH A —RFIHL, K& HP 77
—TAERLHAK (10°C) ZHAXLIRZEERMI AR L
SRR ZAT > TN D . IBHERIE, SNSRI ZE TR D
FEB L OKE HP F 7 —DFEUkE LTRIAL, 45
SVERZE SRR 35 K OV B Sk v~ 3 Kk HP 77 — K D iR
K (45C) ZHE3 5. K HP 77 —I% 10kW X9 &
LHE L, RS U CEEREEZITY Z LT, K
AW T HEIRCHEIETE 5 X B8 LTz,
TWRMEFT AT AL, AT &T v ET Y NER
L, FAZZERIT 7 oA EO/NRERED (K-
13) %, 7rEexy MERICIE, T vx AT TRIAK
K2R (B-14) #8A L. # 27 22300/ VR
R OE, K FIRARAEEZ LEREmE L, FIA

=== == ) e
1 2 3 4 5 1 2 3 4 5
EEH,SOMERIM] EE,>OERIM]

B-10  Wrid 22 SR L 43 A

RISk E

ST RT S LRI =R ]
ok LT ERIR

e R 8 SR

KAHPFS—THEBLIZAKTHRLE
(BREEERFELRKE RS S ILISEK) T

183

M’ 7T ERkOR R T (B AEEER

E-12 AR HA—F N —F 2P AT L

IIRRLIFT
ON/OFF. BLEH)EATRE

K-13 # 27223/ /N RIERH O (3 )

FyETU—b
ARZS S

-
B-14 7 v %27 7RIHAKRA S 227 (3 B

)

| K5t R EF



ERMLBEICIG LTy PAAL v FICTEIET D Z &
T, B ANX—oREEZ R TE D X OFHE L
7o, KREBESH A2 VE, BELFEOT v F 7L — RC
WEIIRAREELEETOIMVAEARECHEELTE
D, EEEEZHERT DL E DI, SRMIEIC
22Uy FERITDHZI L THROBARBET LI TE S
L OBHUCHRRE A LT,

(2) FHif

BE-15 12 2019 AEFEH & 2021 FE 21T 2 HKIRE R
FUBRBKIBED AR EZ Y. SARBEL RV I
KIBEX, FEICED2EHMEERL, 1TC—ETH
L2 WD, —T, A% ORBUKIER X
EMmEEEY— 7K 8 A) IZBW T 23CE LF
THHOD, 20CRETHBE L TWDLZ L EMAL
2. 2RI E— 7 BB W CEVEM OB 558 % <
R0, HKOBHBEN EB I, BEUKIBEN
FLizLtEZzoNS. BEKLRBEOMERZRLTE
D, BREREO BEGERHEIE OB, HKFEOREEN
METH D HODITIRE & il U TSR TER
BEEIRTETWAZ 2R L.

B-16 (2 [FHIFIC 31 5 EFH A COP (Coefficient of
Performance) 38X OERT AT A COP D A#E %, K
=17 \EEHERZ AT, ks, AR O HERER COP
IS ERE 4.20, BEFERE4.29 Th 5. BAJEIA COP DA
WEEhDLE, ZEAEDAIZBWTERK COP % L
STERY, GBEEET 7.00 Lk, BEEGRIZEN
TlX, 800 LUETHEERL TWAARHDZ L EMAL
7o, —5T, TRV TIE, BVEER COP NMET
TREETHD. ZiiE, BB OBEHIEIZ LV
RO E) - ZIEEBEICR Y, COP BMETFLAEE
EZHND. 2020 FELMRTIE, EHME—27FICH
COP KT EOLND A, Ziux, v iz k v bt
EHIBLCWEZ LIk Y, BAWMOKTICEY FH
HIEAR I O E) - EIENEBICREZ > 2 &I
ERLTWD ERBET . BJis A7 A COP IZBWT
i, HARUT, LIRA 7 EHER SN LItk
D, 1.00 725 3.00 FRETHRE TR L o, W
B B — 7 RFIZ B\ TEL3.00 FREE & @ 23R 72 i’ C &
TWDZ L aMR L. R-17 OFEERB S b ERK
COP #% L[nl 2 @R EIRN TETND Z & 2R L
7278, BEB IO AT 4 COP MMEEAIE S Z &I
TLTWD. 2, aa iz k=0 AR
KIBIZEDLY, EAMMPEH L LICERLTE
D, —HHCHETHZENRTERNED, BEEE L
THEOTRBEZ.

3.4 EXRAF AZER X RS

(1) BT R

B-18 [ R HFI D 22 5 22 2 B/ L 72 2 B
PHBEORS 2T KRNIy r—=v7aro

1

o
o

COP[-]

184

. 5.00
jn

35.0

—— FAKEE (BB o HTRE e RAGRE (ERER)  —eFKEE
30.0 f KBTS ERELHOT]
//Q\ // \; )f\\
25.0 = /Q_O/ ‘ \
o %
20.0 e N d /'\\ )'/\K
NSO YO/ 200 VU< S50 VN
150 |7 "\kF.* ; % "
©
0o o i N
N ‘\;/ \ /O/'
5.0 1S
0.0
4567891011121 2 3|4 56 7 8 91011121 2 3|4 56 7 8 91011121 2 3
FY2019 FY2020 FY2021
X-15 KR 3 L OBREVKIEE O A #
0.00
0.00 +¥&Eﬁ&$’¢COP (‘%E) o RUR> X5 COP (‘%E)
8.00
7.00
6.00
4.00
-
300 * %o »
2.00 L3 : i 3
f 2 - -
1.00 3z PY N
0.00
4567891011121 2 3(4 56 7 8 91011121 2 3|4 56 7 8 91011121 2 3
FY2019 FY2020 FY2021
E-16 FREAKI LY 27 A COP O A HER
10.00
9.00 o FMRIE{ACOP (578) o BURS R IACOP (B78)
' © ZUFHEEACOP (IEFE) FIRS 25 /ACOP (BER)
8.00
6.86
7.00 '] oo
6.00 6.73 : 5.55
: $
5.00 <5 531 439
4.00 3.28 L]
2.94 2.90 4.20
3.00 -
. -
2.00 2.70 548 23
1.00
0.00
FY2019 FY2020 FY2021 s

H-17 BJRHEER L O 2T L COP DIEEEHER

HFYLIFR AR
CEEZEARRFTRYIADD),

R-18 TR AR 28 R 2B e 22

(2 B%)

ENBARE L, o LMEeZ2K00mmd 52 LIl
v, B EEEZGH - M LBEDRESE LN D% u)’ﬂ
HRE LIz, £, RIFa0 BFBIRET 22 LT,



FEDOANAA Y anbOFNEEENRE TR IAD T e ‘Z- —_—
5 & RE L. )
(2) F34

B-19 |2 & 1 Wt iR FE A5 A0 273, AR VR4 f 7
5O RAKOEENRNAMOEMICERL, Kb 2o
0.5m I BEIFN A FM L=, WiEiEES L0, R ,
BEdp 7L, H—ApREEL e o CND T L AR L I g iy =
7o BITHEIC BT 20.5°CHRE L EFIRE:E /NS B-19 &3 ool i i J5E 53 A
VBB TE TWA Z L 2R LT,

0.

3.5 REEY FEFIA LI ERBHELY

(1) BT =

B-20 (CAEW 1, 2 BEHAOZER Sy r— DR 22 i
(ELH~wLTF=Tay) BH4EOREYY N FTA
T Y T ~OFRERNEZRT. R, GEYy MNEEG

FS1TU7 L& ESHRERRE(EVS FS1TUT)

B-20 SGEC o b0 AR

KL LCRAT 57— ey FOFEFIIEZN, DTOEEE | animus . ehiess 1O
By NAOBRRRN EOREAIRE L 72 2 FIR 5 5 10 ;,Fw:KJEVM Al g
RB. Ffo, T3 EMEEEE ORI E EOVVfQ\J\J\JW\fthVfNﬁ
BOIRE NI AN— A ETRESND 2 L 55, s &
Eﬂﬁ@iﬁ*%{éﬁkﬁﬁi‘? Elan ]\']j_‘—ﬂ? P4 ]\ L;j]%—?"f&?% 7101/4 1/5 1/6_1/7 1/8 1/9 1/1(:7]1 1/12 I/TIS 1;14 1/15
BTV HENRONS. RIFTETT = R “Qmﬁm y%%m
ERIATYTICREL, By FEEhLEEAE R 5 % 1 A \wkﬂ/1$¥ﬁgk
WEOWNGAHZETHZ LT, va—bY—Fy bO =0 4@
i & & b HE L SRR O BB RE RN L ISR - G
/ﬂ:i&?‘?o f:- 108/18 8/19 8/20_8/;1_8;22_8/‘23_8/24_8/25 8/26 8/27 8/28_8/29O

®-21 WeEH, mEMOmBRFORRE, =SMEE R

(2) 54 w0

B-21 (CHEGR - W5 D45 SR & RO RS ) /
ROMBEFT. SAMIGARIEFNE bICE Y MR 53] 4
WISES HER LTz, SAMEBEHEN D, aREITA Emf
B 1/5, 6 §IEE & 30kWh/h BB DR Kk Y © %10
HEIR L, TO%EAREBET 1/10~13 (359 Ot iEix ﬁ07; , N=6765
MENTZ LDBNDH. BIMERGARIT, BT il s oy e
1/5, 6 OEFEERZICIIAXERSETIKTL, 20 ﬂ{m 0 20 30 10
% AR B O AMEE LRI B 10°C &SRO B - el
BEY SCRED, 1/10~13 S & i HisE o 7 ~ ®-22 SRAVEGHEGEERR O/VKIE & BAMEIGAR O FHR
Eﬂ%ﬁﬁc&ﬂ@a% ) 54c%%4%< i 2 LE; by E O £h ©y RR R 035 %
FIMEARIT E > D RURFISE D 29°CHiE THER L, =z ESERAR BE
BITAMVRIR £ 0 2~5CTIRME A R Bz Cl [EvrRE (=fE -

BI-22 |2 AN RETRRRG (1509 7 J) B 28 M T LA ;E;E;;iﬁ;g;;( =
109 L1 (2.7kWivh) 5 & L72) D5 & =AM ETE ml;&\z()"c, FBCREETC. 2O TCE CRERILY
AROMB % R, AVRIR 21CEEE L LT 2 SR
WHI, ZRZENPEEN, ARBEOREL Ao 3 15 ToiEoh
5. BERIIARIR SCULT, WERHISVRIR 25CLL m ¥
FOR, SAMARASARIR L D B <, EAMEDE £ £ e
DRI A & 2 SEABRS N, 27, AR 5 | /A\ 5, e
A OCELTR> 35T EORA « BRBRILS SCHAY . V/“\/ s
Thoiz. 0 v 0

TS TR R L AR D A — T — AR R
FESHERME Y, ARFEIC K D ESMEE T Ol ®-23 HEFHFERE D EOE (2022~2024 4FFE-H))

185



hEREHEE LTz, T4 [THEFEITo72 3 7 — R %
7. BIMEVGAR A EME L L —A ClL iZxtL,
AR ELEZC2, 20Dy a—bh—Fy MDD
WENLAEBELE C3IZOWTEHE L.

B-23 |2 =AM ) EHEFHIE O A HIE & FRTRE M A

T KEME CLIZ 7, 8, 12~3 AIZEHENE L, 5
S DR HERER A AE L= — A C3 T 0.85, 3

— =%y AR ENZ L EMTE LS — A C2 I
T 094 Tholz. EL Y NOEBEBREIEH LA
WORIEELEFEIC LY, A6~15%BOEhFmE L2
Wirrsh b Z L &MER LT-.

3.6 ARV &F7VEIT Y BB

H-24128% 27 &7 ez NRIHETRH L #EE
OFERT. HET AT IWZIX A7 RAZEEL, F
AEBVLERCTHERT 2L T, 7oy MRk
DO, REY¥EREL 5001x & L. &blc7rrex
VNEHIE Y TEICRE LB o EE TS
ZET, AEZ YT OETEITY, BEITEEE S OHI
WL TWD. 3 5.2 #ilcie 7

4. S\ERFRREMIEE(ZF 1T & 5T
FHILBE R (2 35\ C A HRRRAE I DA 4 L7z BELS
REAI (REEEME = KV — PR RHE) T

* %k %k C [ZEB] , CASBEE (BT MAMEREZE
flis AT L) IZBWTIX S Fvy72BELE. £,

[EIBRAO 2 BRBEMEREREA o A 7 2 TLEED V4 BD+C NC|
T, B ORH#E, ZEB (b & A4 EEME O N7
ERPHEMEOM E, eco BMOIERARE%1TH 2 & T,
m<EHI S, ENE—5 (2019 4 2 ARFR) TFF
FIRGEE IS L. (R-25) .

S 2 S BIAA 1 12 2T T, BEx R R R
(R-5) OO EE. BT, —MRiEHIE AN
RIGHEINEHSVDEMT2E 9 IV —ARr=a—1+7
NETIE, TABOLTT7 4 ZADEY FDBELRNLS
BR7ei A& &b, KiF7e Co2 HiEEER L2 &)
NEMEN, h—Rr=a—FIVRKEEZE L.

5. IRIILF—DFtEIEL ERERE
51ﬁﬁﬁ

X-26 |ZFFEIfED ZEB ¥ — FZRT. Web 72
7Af@ﬁﬁﬁi,%§£L%HMMm$]’ﬂb
T, FEEHEIX 516 [MI/nf-4E] & 2% BT &leo
7. PR CRBEHEBIC L DAI= 178549 [MI/nt - 4]
L7220 [ZEB) L7pot-.

5.2 EAHFEE

(1) B2HA

X-27 12 2019 4EJE & 2021 4EEEIC BT D IR EE /)
OFEMMERT. 1 FIEISESHLOEMERO-D, =

. -25 LEED i

-5 KFERWHIE
R HIE xS ZH ZHE
9518 [a] R |-4h) B AR S| A GBEE - BRAEF ST 2020
BT Y AVE e ¥ A/5BE)
2020 4R | e | BEDE T REE (B
wokg | DEIYI e, ey | 202
29[ — ) AR | bR e NV RE (Y 2021
bk vz bV | B == VE, BISSER)
SRR | Y e
etk ) ok - H | FAEZERAIE 2022
%108 SDGs |~ /) (EE - BE| REZBXVIHE 2023
HEH SDGs HExtty - ORI Y)
— 800 2
Ji_+ JZEB] v 540.‘} [MJ/rI\ - £]
€ 700 (HHAE(EA 550%E T )
'T' 600
K 500
& \ SEHE 5160M)/ni - 4] GAZD)
ﬁ 400 549[MJ/ni - 4] (%)
g 300 |
o200
2 HAEAE 1081 W/ - ]
E{ 100 - T P
i . /Vear/ y ZEB. ZEE Ready
0 100 200 300 400 500 600 700 800 900 10001 100 1,200
—RIFLF—BEERIHRLF— N/ni - ]
®-26 FtmifE (ZEB 7% — )
>0 iR : 20214E (4A~3R) FAFY KB FA8H— 1885
4.0 |##:2019%% (4A~3A) FEFY

BBEAES [W/nil
g w
) 1S)

-
=]

3F: 9fE2.46 [W/m]
[ 3F: W9@2.26 [W/nl (FY2021)

2F : F49ME2.37 [W/m] (FY2021)
2F : F49fE2.33 [W/m] (FY2019) -

(FY2019) --,
1
H

___________

L. 1F : F9EL.78 [W/m] (FY2019)
1F : PI9E1.51 [W/mi] (FY2021)

== —

0.0

X-27

186

HCUEREE= e Ewa)

L TS S
ST AT ST T 9T ST Y T

(2019 4EJE - 2021 4R )



2FTT LU — 72 KA R T A g
B polzZ izk b, 2021 FEOFEIE 1.51W/ni
L 2019 L L LS LT L7z, —5 T 2F & 3F (3
BEPLTHY, 2021 FEFHAENED L THDE
DD, FBEENRIB L TPEFEELFHLTNDZ LT
WHWEREHDOBGITD 7L, 23WmRRE & ir o7z,

QRERBDODAZRNENEELS L UHRBIRR
B-28 |2 A FHIZ I S K H OB EE S &%

BEROWE LT, MEBELY, BH, 48, HHH
ZRL, REAFEEFIBNENZS RESRVNER
PROHEERELE. EHi2MbT, Z£H - SR
DOIHBBENNZL N L, MIHEESIL LED B
Alck vl chdZ L 2mR L. B, 451

DT THBEBENNEML, MEEHOVRNFRITIC

io“fi(%)‘l:%%é@@ﬂ%%ﬂ/\ﬁ)%iL“Clz\é b

. T, AN OZEHSLE ERA D RIZBNTE
~7#%$L T OKIRTE BT T 503, E%&
g L CTERAROMEBE NP RE N & 2 HER
7. R ,E%mm%%Mwaﬁmﬂ,Iﬁm
WOMHEE D PMMZER & B LT, KEBERE
DRFIBINEL AL, &Y, BRBKER
DERRZEFT L AT LD S LB EMALEIC LY 22H

ABOWEESZEWT D2 ENEEZ LR L.
QHEEHDAHRE

B-29 1 AR A AR B & L A ERAKIRE O
HH#RB 27T, ZHRABROWNEBEN DR L MEE
FIOSEFREZ D, RWTarty MHROWHEE
MENZ L EER L. RIAWEEL, MO LED
fBick v &fD 1 ERE Lotz FilanFoan
AFEGPLR ORI% (2019 4R & 2020 4EEE + 2021 421
UL CYH, HERENBICKE 22TV, 22H
BB W TETOMIMER N R 6N D, Ziik, &
PBiIERR e L TR ERZBMI S 2 L0, LA
B 5 NMEARHAIC L 2 IEEATTOHINNER &%

Zohbd. £72, BHA - vy FMHBIZHOWTIX
AR EBIBRIC & 0 FAEIZED L TWB R, EFIC
BEIL TV (=R T OF YA 2—) B
2N L, HEENDEHT DI LI L D R AT P

DRI E DB LV E 72 o7z,

A KEHEBE AT LA

B-30 I KB e RO A B L OVE 3oL & BE
/SR DOFEER G ERT. %@’ib%%%ﬂﬁﬁ
T2H2HDOD, BELTHETETWND I & AR
k.mwﬁsﬂifﬁgmihrmmmmﬁgﬁﬁb
Tz, EBRO/SXOVERESINC L 5B EREHG % A
Ll, REREICE (BLE  EE=5:11R% B>
HOD, FEIZ L > CTIHEm SRV TOREBERD AR
D2ERRELZH > TCNDZ L AR LE.

R EmZEA - R [ I D 7 = S
[==Reorich CoBUhPHE - HEAET — KIBHRBEATH
100
BHREA (2021/8/5)
80
S 60
=
B o
<3
20
0
100
80
- F N
5
= seallllin
] [y -
£ | [ EEEeel
20 -
------1 1 HE e
o EHEEEE] L e HEHEEE
100
80
£ 60
=
B
[::4
20
0
8 —
o zofth otk g%ﬁ%ﬂﬁl"’
537 — 8%
18,000 + 2019 - 2020521, ZMCEEAADUCHELTE| 100
16,000 40.0
_ 14,000 | 35.0
T 12,000 300 9
2
£ 10,000 250 &
B 8000 200 &
@ 3
& 6,000 150 §
£ m

4,000
2,000

10.0
5.0

nrnrnrnrnrnrnrnrnrnrnrnr

#E (%]

0.0
nrnrnrnrnrnrnrrmnrnrrmurnrnrrmurnrnrrmnrnrnrrmnr

% HEHE HEHE

o | --.lll!l! !I.III'II
%

%

%

ABHEE ®H (kWh/A]

n
o
S
S

1,500

—RIFNF—HER [MJ/m -£F]
o

-1,000

187

20196 /%

B-30 KB risEROHER S L ORERS

20206 /F 20215F

Oz DR OISR D635 O KM BEOfM 2 I26> b OMF(LRME (KBXRE) OELRE (RaEt

1,000 |

500 |

HE GEyTESRITLE-) 0 A I NSOARHE

1,081 516 418 436 433 439 445 532

[ (1,229) (664) (707) (707) (688) (696) (721) (796)

| —46% —42% —42% —43% —41% _—35%
-52% -61% = -60% —60% " 559" _soan " _s51%

— B 5

-500 |

624
EE GRYTALETALE-) 627 639
2019%E 20204 20214 20224FE 20234[E 20244%E

S

—IRE L —THE R IR

X-31



5.3 —RIRILF—HEE - EEEDERE

B-31 12 2019 47> & 2024 4R £ T 6 RO —R =~
INAVFXF—HBEEOEREL T, 2B, F£RPITIX
Web 71 7T LT R DML LORFHMEEZOFZ L
7. BYREARE 2 SISO MEIZ L TWhinid,
—REICHBIT T E RS, JEYEME & U CRARRE &
HITK) 60% & X FHEE LR 2B = @AM TE TR
v, MITH%HEMIZBWT TZEB] 23R LT, 20244
FEIZR T, ZEERRRER A 12h (6 B5-18 F) 2D
14h (6FE-200F) ICERLTEY, ZEROZRLF—Y
B ¥EIM L7, KBE3EE (B R(bEkdE) 2k 28—
RNX—HREHEE ERIDHER L o7, B-31 121,
2ELLCarty b EZR LTV DD EHERE
WXL T 35%~46%IRICHE-TEBY, 4%, Z2EH%
D E 572 58 =10 OA MRS OFHEE T HI /2 £ %
T2FTETHD.

54 Bl V—ILZRAW-T—2FRALEREE

A TIE, ZEB FHMiAZ HAIC A 2 OEH T — & 2
BEMS #Jr L CEHll- - &Efsn<TBh, Zo75r—
S ai i R ~T 4 — RNy 7452 L1E, ZEB @
R IERIZE THD. L, @ERT—X45
WITEEAR DR E LS 2 U PMBEMNME LS W), ik
e e FHEAREE L WO RER H D, E I TERME T
i%, Bl Y=V EHWCERT — % 2 B8 THir-
LT D BREEZME L7-. BI Y —/LITIL, Microsoft
Power BI & V>, fNH%E 7S Power BI Desktop & H\»
T H B R/ % fERL, Power BI Service %41 L C
FNABRTE, sk OEMAUELZ B EICHES S 2
EWTED.

X-32, X-33 iz Bl V—/LVOWEHZRT. & HiZ
30 R OFAEE &%, MR & EORIFEDOT —X
ERFRFITHELIZBOTH Y, A IIAEEE % RER
FITER, BEITIBEMELZRERSIITRRIL TS, B
=32 3B A 72 K/NTEIRAYI W FTRE 723, FRIRC
A L~V OFERAE O R/NIE A 72 M A R TH 5.
ZZT, B-38 0ok ICBHEEHLT LI LT, K

BNEOE 05FEEERD)

42K 4

40K

200%
= I
30K —
£ g
L|l| 150%
] 116.42% 116.98% =
B o pis
ke - =
o 113.78% -{' 100% [
107.70% i
= 93.63% 2
10k 81,00%
5K 5K ||||| I"’K sk 0%
0K “I“"I"" |||||||| 0%

0:00 6:00

OERER OHIE - FEEQ @EHEHEL
X-32 EHT—# o n el (FEEME)
HEBSENE (oaEEEN)

12:00

18:00

800K

200K

0K

6:00
eE%H @aF - AR
BT — 2 o r i Lpl (RFEE)

12:00 18:00

X-33

KA L =7 3 o EAMEOR R [ LR H D Z
CEAMEE L2, E7o, BRI LERRICE T DM
HifiZFE L, ®mRISRTH 6 FRICHY [ZEB] %
FRLIZZ LG Lc, 4%, 220 - P 27 4
BT 57— 20, ERGEOMEZEBL TS 572
LHETRNF—ICTET & L BT, AEREDEOHK
B R AdE LT,

SE Xk

10 B LV ORERAE O K/ & ELEH I FEAT AT EE & 72 1) REREERAM NI REE AT ZEB SR EHEAR B
5. DT 7% Bl — /L THBIERL, BT T O BEFESEEICKIT S ZEB qEME &%
7, FERAEFEOEHE A THRRA L TWS Z & THA HE - THRAX—RIAER, ST - HET %S
OEMOR UEL 2 EEMICEM, 74— KXy 7T REFANGEE S IR CE, 20189, pp.301-304

ERARSLNE Y 2) fhFHEM BRI A X —E R KBIZER Lo
A7 ¢+ A8 L0 ZEB ALICBEET 2098 (55 1 #)

6. £&H (2 #), Z=ERHM - FELPSRSENHEES

AERTIE, B L 785N O BARGERS e ds L O L FMOCEE, 2022.9

% 6 FHICH T 2RYEAFERICONTHRE L. § 3) PEfrRAh: BR=RLFX—Z R RRICIER LZH

HBEA 7 ¢« A L0 ZEBALICEET 50152 (35 5
) EE y MHIC & B 2RO R
FE ORI, 22K - A LTSRS
HEH S EROUEE, 20259

A OB FERRFEIC BT, KRS 228 2 8/ L
B RICBIT BT T A > P&k B H SRR
ERNREICEND Z L, BABKIC LY EFEEEN
OKRIBARHEAYEFETEDLZ L, REY Y hOEEY

188



ATH AR HIFHRE®E  VOL. 60. 2025

=SERCESREEDESHRICAY SZELELEHRORAR
— A )—R—F T L EFEDES ERE—

B ofm ow o !

= =]

BT, RERCEAFEEORG - HELICBIT IMEAEEZR EL, B - THZMMR L CREF
WEBGIET A Z A BIE LT, HEMEREICEIT 2 YA E ORFHEELEHE L TV 5.

ZITH, AU T LEFORBEICH O BN ALC SRV O RPN L 7= #220EE (BLF
S UEE) 2R L7z & X ITR-55~65D R F WM MAEZ MR T 5 2 L 2 AR L U CEBRMICHREE L 724
ReWsE+ 5.

oD — kRIS ALC/ SR L/ s LB

=] R

1. 1iFtwoic 5. ZUPEDOKGE
2. ERiEE 6. EERGHEYE
3. HBRIRDLAR 7. FED

4. FEBRER

DEVELOPMENT OF STANDARD SPECIFICATIONS FOR SOUND INSULATION
PERFORMANCE IN HIGH RISE CONDOMINIUMS
PARTI1: SOUND INSULATION PERFORMANCE BETWEEN TOWER PARKING AND
RESIDENTIAL UNITS

Katsumi FUJIHASHI

Synopsis:

Our company has developed its own standard design documents related to sound insulation performance with
the aim of improving employee productivity in the design and construction of high-rise RC condominiums,
ensuring quality and construction schedules, and preventing lost profits.

This report presents experimental verification results aimed at ensuring airborne sound insulation performance
of R-55 to 65 when installing independent drywall on the interior side of ALC panels used for partition walls

between tower parking structures and residential units.
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NUMERICAL ANALYSIS FOR AERODYNAMIC PROPERTIES OF HIGH-RISE
BUILDING WITH ECCENTRICITY AND SETBACK

Yuki NAGAO Tetsuro TAMURA
Hidenori KAWAI Yusuke MARUYAMA

Synopsis:

With the advancement of construction technology, in recent years, there have been large number of cases of
high-rise and large-span building structure with complex shapes. In particular, buildings with setback shape
generally mitigate the downward drafts caused by wind around high-rise buildings. However, it is possible that the
vibrational characteristics differed at the boundary of setback section. In addition, if there is eccentricity in the
upper part of building, the vibration characteristics of the building become non-uniform, and there is a possibility
that localized negative pressure may occur. Therefore, it is important to investigate the effect of buildings by wind-
induced vibrations. In this study, we simulated the flow field around the high-rise building model with eccentricity
and setback shapes in turbulent boundary layer and we confirmed the fluctuating characteristics of wind pressure,
and the effect of wind-induced vibration caused by vortex structure around the model.
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DEVELOPMENT OF A PROGRAM TO EFFICIENTLY NARROW DOWN
SUITABLE SITES FOR WIND POWER PROJECTS

Yusuke MARUYAMA Yuki NAGAO
Shunsuke SAITOU Ichitaku DOU
Naohiro NAKAGAWA

Synopsis:

The Ministry of the Environment has released the Renewable Energy Information Provision System (REPOS)
and the Environmental Assessment Database (EADAS), while each electric power company publishes available
transmission line capacity. In narrowing down suitable locations for wind power generation, information from
REPOS, EADAS, and transmission line availability is overlaid using GIS, enabling the selection of optimal sites
based on their distribution on a map. This report covers the development of such a system. Additionally, it
introduces how to use the developed program.
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DEVELOPMENT OF AN OPTIMIZATION MODEL FOR WATER PIPELINE MANAGEMENT

Ichro TORITANI Daisuke KUBO
Atsuishi GOTO

Synopsis:

In this development, through collaborative research using F City Waterworks' water pipelines as the field, we
conducted likelihood of failure utilizing Al and environmental data, as well as consequence of failure based on
water flow analysis. This addressed the city's pressing issues, such as low rate of revenue water, and formulated an
optimal maintenance and renewal plan. Additionally, we demonstrated the effectiveness of optimizing water
distribution control and validated the “ePulse” technology, a non-excavation deterioration diagnosis method, while
also proving the practical efficacy of the water pipeline management optimization model.

Moving forward, we will leverage the outcomes of this development to transition toward preventive maintenance
management through the effective aggregation, management, and utilization of data obtained from domestic water
supply system maintenance. We will continue our efforts to establish and implement a model that optimizes water
pipeline management while minimizing both risk and cost.
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