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EXPERIMENTAL STUDY ON LOW CARBON CONCRETE
CONTAINING HIGH AMOUNT GROUND GRANULATED BLAST-FURNACE SLAG

Kazuki MIYANO Hideyuki KAJITA
Yuki MIYAZAWA Hiroaki GOUDA

Synopsis:

To contribute to carbon neutrality, low-carbon concrete containing a high volume of ground granulated blast-
furnace slag (GGBFS) was investigated through laboratory and full-scale production tests. The results
demonstrated that slump, slump flow, and air content could be appropriately controlled, and that mixture
proportioning based on the relationship between the binder-to-water ratio and compressive strength was feasible
using conventional design procedures. Furthermore, the characteristics of the concrete were clarified in terms of
initial properties, shrinkage behavior, and durability performance.
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3. AR

FUNDAMENTAL PERFORMANCE EVALUATION OF ION-EXCHANGE RESINS
FOR THE TREATMENT OF PFAS-CONTAINING WATER

Yukiko HAYASHI Yukari GOTO
Jun MORIKAWA Satoshi KUNII
Naoki HAGA

Synopsis:

Per- and polyfluoroalkyl substances (PFAS) are widely used for their water and oil repellency, heat
resistance, and chemical stability, but their persistence and bioaccumulation have raised environmental
and health concerns. This study evaluated ion-exchange resins as a PFAS removal technology, focusing
on the effects of temperature and pH on the adsorption of PFOS, PFOA, and PFHxS. Adsorption
performance was also examined using real samples containing coexisting components to assess

applicability under actual environmental conditions.
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—EERE D PFOS & A 7KIZ 10~200mg-dry/L & 725 X
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WA AR WA % 60mg-dry/L 725 X DL, #E
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HNT TN 4 KF, REER~ T T 6 KA AR AV
7.

() BHARMEAER

KFCAFET 2 HE PR AR ETHEL RS D
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BB LD, 2.1, 2.2 OfREDEEMEEHERT 57
W, BUEEG YK & IR E W TR & O WAE B O R

DB AT 72, RBRICH W2 9230BHE PFOS % i i g
TEH A T2, PFOA, PFHxS DT A - 7.
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FH . 0.6mL/min
MS/MS%F
B4R SCIEX#%  QTRAP4500
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HE DU MERERER 2 ol L7z, 7238, EREHIEIC PFOS
ZEHLTEY, PFOA & PFHxS OEHEIIVRN- T2
ZEDD, FFHE PFOS OH &G L Ui, FoBEHG
Yukix, MiKIZ PFOS REZ WL CIR L 7=.
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WAk A 4 mg/L 11
TRV LAF mg/L 30
HIN T AT mg/L 80
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TEEREBEAKPTCORELZFTMLI-bOTHD. 5%
%, PFOA X° PFHxS #(X U &3 2> PFAS % k5
L LTEAT D ERESC, E PFAS 74 5 ER
BHZ DWW T b [AEROW AR BB 2 5206 L, PFAS OFEMHE
WK DA A MR O EVERRIZ KT T B A R
T IMERD S,

Fio, BOKHESLEEO R D IEHE 2 Vo MmEE %
1TV, KEEBD A A o ZZHAHE O A PERRIC KI5
LML T EREE L. F7-, EAH~OEMEY
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RHKZR D Rtk b, @REOER A 4B X

WRTFAEED IS IAF T DRI T TH o723, ARBREMET T, WA LB X SPFASIREZIIAZITH S

Tl afER LT

F7-, EHEAKRBRIC & - THiEmkbE
EDHFETOREINEL, SEULEDOBVART I & 2R L.
BHPFASD 70 AL BB ORI E T B A 157,

AEAME L, A A A IR ISR VE IR X0 b AEIC
ARWFFEZ LV, AR KIS £

X—U— R 0BRSS G T v FLA Y PFAS /PFOS, PFOA

=

1. Uiz
2. W HE
3. HBRFKONKE

b/

4. PFASXR LK
FE0

5.
6. FEIZ

PILOT-SCALE STUDY ON PFAS ADSORPTION TREATMENT
FOR LANDFILL LEACHATE

Satoshi KUNII

Atsuki KATOU

Jun MORIKAWA
Synopsis:

Masaya OOTA
Yukiko HAYASHI
Naoki HAGA

In recent years, environmental regulations on per- and polyfluoroalkyl substances (PFAS) have been

strengthened both domestically and internationally.

In this study, pilot-scale column tests were conducted to evaluate PFAS adsorption treatment using adsorbents,
namely granular activated carbon (GAC) and ion-exchange resin (1X), for landfill leachate. Although the leachate
contained high concentrations of inorganic ions and dissolved organic matter, PFAS removal by adsorption was
found to be effective under the tested conditions. Long-term continuous-flow experiments were performed to
assess treatment performance. The ion-exchange resin exhibited a significantly longer breakthrough time than
GAC, achieving more than five times greater bed volumes (BV) before breakthrough occurred. These findings
provide valuable knowledge toward the development of practical PFAS treatment technologies for landfill

leachate.
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1. [FC®HIC
1.1 #t=E=

B 7 v #EBAMOH T T A uB LR Y 7u
Fa{bEHORHE PFAS E IO, 1 L EOME NS
5 & &S, PRFAS BB M-S MEERIMES e S,
KU 27 OB & RiRE Y >ob 5. PFAS O 1 ff
T# 5 PFOS, PFOA, PFHxS, LC-PFCA & Z L& DB
WEIIALSRIEIC CH MR EL BRI EIN TV S
U PFOS * PFOA 3 KN « #i FARICR T B HE6HE
L L CAFHMETS0 ng/l LLFIZERE S, 72, KEED
KEHEAEL L THAFHME TS0 ng/L LA FICRESNTWD
D LinLedh, AKEARE LT, 50 ng/ll #HEiET 5
HHIPHER SN TEY ¥, BLR@EEIEHSEE Y B
FORIE~=a27 v ¥ AR L. &612, KEi5#E
1EHEIZC PFOS - PFOA [34REWHE & S, RIS %
ELTZBRIZIEFTE 3 2 BIRE~0 R IT HBEEIEE 6
T35 9 . HAREESMIZT PFOS « PFOA O H )3
WMEINTEY, BEOH FASLLE~DHYES SR
LR oO0HD.

KETIE, XvimEZR PFAS HENEASATEY,
PFOS * PFOA IZDWTIE, EALEH 4 ng/lL O7KERAEN
BMEINTNWD 7P . —FT, WETIEEFEROB) X ¢
—TRONTEY ¥, HlEEIXAARKENICRIT D8
HlEREOREICHET 2#MICbEL 5 2 2 AREMEL H
22800, SHOBMEERTILERD .

1.2 RS IGIZE TS PFAS RERE

PFAS Z&Te8lE, ZhE CTEERHABRCTHAINT
XN, BUECIIRGE - fE - A EE IR F 2 1T &
nTn5. Lal, BEICEEINZRAIZIE PFAS 2
GENTEY, MHBIIEEDE LTSN, PR
2R TREASBICHEDSITONRTWS 9. ZAbd
FETEWIBIIE & S BN ET 5 2 & T, Bk~
DR 72 PFAS ISR & 2 2 AIEME Y B 5. 4R,
PFAS (2t % BREEHHI O iz vy, =R % iR
L35 PRAS Mg HIAKFA~EH L, BEFRICHKE NS
URAIPBEEESNTWD.

Iz, KERUEL SN D PFAS % EEES 72\ BEIE
WThHoTh, BIBEEWENOHHSERERICE O THKAE
YIRS R %2 LT PFOA DMER SN D Z LA SN
T3 0 20, BRI TRINAKT PFAS RE MK
WIS, fERMZ PRAS BEHI U R 7 MRV Z L BT
LHER LAV, BENRBAERE L CHiBREYE D4
FORREA~OBEPR NI TH B,

F 72, PFAS & A BEFEM TR HIE B SE PRI I35 Y
L2Wb Do, [PFOS 35 XU PFOA & H BEIEM D ALERIC
BT 2R ESE V) (LA, S ESEE ST
5. ) WCESHERFEWARES LV RO TND.
FATA R E FHIHEICRB W T, PFOS - PFOA &4 BRI D EL

19

SFRATZIC BT DFAERN O OMEEFE L, 99.999%LL
FONBREET DL EREFE SR TS, —FT,
HAT AR B EHITI = & LT PFOS - PFOA D43 fRZENCHE

BHL7ZbDThHY, B MEERE CAER LSS EEH PFAS
DEBIZOWVWTUIFZRALDTIN TR, 207
W, BULPIZ X - T PFOS - PFOA NERENT-HATH
>Th, F#H PFAS DBEFEITAER L, RELSEIC
HATHRREMLRH D, LN - T, KEASBICBT
% PFAS EHIZEWTIX, PFOS « PFOA D7 559 48
PFAS(CHEH LIZiHliABETH 5.

ALY BT RIS D PFAS %5 & L Cix, PFAS S48
EYHOZNEHERIE L, Lo ~DOFAZFKICHIE
TBHZENERNRAIETHD. LLRns, FH
BWHORT PFAS {542 2 7 ZEES5 2 L IZR#ETH
%7=%, PFAS /GO EA AR LicE=X U V7B &
R KL BT &2 M7 B b 7o BIE I 70 B BT 1R O f%
ENMETH D, FHHKT PFAS o FEiEERIC >V T,
HF HIRR 1219 SRFZEEBISEIC X - THRENED ST
W5, E£7z, BHAKE PFAS (239 5 20 B 2 B Rl
ORI HHED HHTND.

1.3 PFAS st sl

PFAS &/ /KDEALRIER E LT, EHME & BRI R E
DBLEN SWAENIII AN RN TH Y, TOWEMIC
IIEPERSoA A IR 5 W . IEMEIRIE, kA
43 DR HIKALER AT & L CRERT A S ShTE Y
BOD OMLHEZR LI I T& /-2 &5, PFAS ML
DT DITTEMER &2 8N 5B L T O 72 FEBE 13K
W L L, RIS R O E Y e AR EBICEN T
% PFAS ORI RN HEINDL L, Fii-2itdEb A
CTW5. BB LEEO%LEMR L OFEERE O A KD
Lo, 1EHERIC—ERAE LT PFAS RNEONEET 5
B bRERINTERY 19, fi ISR O R 72 & B o
MEENREMIA TS 1 X5, PFOS B X W
PFOA IZ DWW TIIBFKREHENHE SN TV ARNL DD, B
BEEBOBSEND, Ak - T KOHREHE & BT
FCTOEBNARD LN TS, T742bh, PFOS & PFOA
DAEFHREZ 50 ng/l LLF 2 # AERELTLHE, 20
I — MR 72 A BT IEC AR O M HIE & bRk L Tk
OTEELVWWKHETH 5.

BEH 128\ T, 3 oD PFAS (PFHXS, PFOA,
PFOS) 122\, &R & A A v Zstigic TEnEh
WERBEOHEZIToT-E 25, WERNITA &
RPN AR CH T2 @S LIz, —F T, 14
MR M TEME IR &0 b R MR s H 0 1, FEEE
IRl R ok & O FERBEZERL, For=v7ax
NORHERE Z T-REGHEEO S DFMPBLETH D
LEZLND.

ULOBREEFE 2D L, RELASEHRIKTD PFAS



IBRIZ BV TIE, B ZE I 2 45 50
PFAS % ZEWINCBREAIRER MBI OBRENEE TH D.

1.4 W55 TOHEELH

AU, AN O KB fEE% 12 C, PFAS
Wt B LR BR A B L. MR O T n—(C
BT B2 HKITIL RS 2 88 CAEM LB 21TV, BB
@ BOD %9 5 HEY & L CIEMEREEE ~@AKL, BE
7k?‘5 R CH o7,

ZT® PFAS i & LT, BERROIEMERWAEE 215
%L&@%,%@W%_Pmsﬁ%_ﬁw&W%ﬁ%ﬁ
HITAZ L2 MELLERBREERT 0L Lz, -
1.1 1T Y% Rk DAL ER
JE5 A o i@ % IR K & VL
W AEBREOBGEE T - 7.

e EMIC LD PFAS

2. ARAE
2.1 /840y FRY—ILH S LEER
R TIE, BORIEMER & A A L 2samtis o 2 fifE %

HEE & BIT,

71— & EACERER O FEHALE A R

W, PFAS OWEMEREZR Ll U7o. IEPERIZSEM % 50k
EF 58 0.5~2.0mm FREEDRRFIFThH D, AR
FOWMEERET DA VILE, Ko TE2RAETLHI /0
LOMILZE P S ORMNH 5. TEMERAL T ORI &
FIZBNT, PFAS EDBUKMERAET D L SN TWD, A
AWK L, EASK 700um FRE DR Y A F L BRI
BTEREE L, TORMEIZT I/ ENEHINTND
LR OB X 2 R”-2.1 (7. BB O% BT
T, RRBHAOWERE (1400 mm, 300 mm) ZHT 5
MR (B-2.2) 2HEEGRE L. WEEICH
WU TEWRAEME, il ORPRIEVER & A A4 o 22t &
L, WAEEIZZENENS0L FEE L72. SV (Space Velocity)
L3 HDHWVE 10 ICFRIE L, WERE (Flow Meter, FM) |
TEKBEDEMZITo72. FTz, 5 mﬁm&mm(u
T, REBEKET D, ) SWHELIEOKE EFITERK
L7, 7, EFRREEL 2 SEIICEHE LR
(B-2.3) TOMGE%L Cases & L Tixif7=. ZZTl3,
ATBLIRDIRIEPE IR 50 L & L7222, BEEDA 4 M
BHE 50 L ##/KT 5. ThbORBRy —2—Ei &K-2.1

ﬁ.*

BF7KH (V> ALE) EVPNIEE RIS SE RIS
L SIEARRRE < —
R-1.1 YiZhisk DA 7 1o — & LB O FE a7 E
RLRTE MR
JOLT ~ J #]K
LK P k
SRERIEIK Sv3 (Casel) =7 UBE N
SV10(Case3)
Ot
LT LK
f DE——Fm) —> mmEk
SVv3 (Case2) EVPANIBIEN
SV10(Case4)
PRI BEIEN A A>3 akEiRE
H-2.1 A1y hART—Lh T KNEERORNE
HATE MR A A>3 iR
LK
EUBRIRK Jov7 ~ J,}*7J<
® D——(e) =k
i§ =
a2 Z2NE TN
FESBEREN
®-2.3 /3oy NRT—)V T ARBOMR (Caseb)
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®-2.2 SEFEEEREE O

R, SRR TOMBE, PFOS & PFOA REDE
BBIZ T 50 ng/ll ZRi@ L7z S &2i@e L, £OMETO
BRGEE(haE=21) 2 (20254 4 H 9 A~11 A 26 A)
L7z

2.2 {ERFEREMOHEREFTMEER

E=H Y IR T %, FERERUBRE T o AE
BOCRDIRIEVERR, A A v ZZHitR) &2 —fER L7z, E-
2.2 1T FRERNE B T, PFAS %51 FUKNEE k
ENSHRAT LD, EEOREMPELNICRERE
FEETD. ZO%, RO PFAS 285k (2 FHRl~2]
EL, WEMOLLEPEIL LMD T~ & EXR LK
L. FDIZ, HEHFERAEMIL, WAEENOFTRER L
BROTHO 2 & bEm L7z, LA, SREL 726 H
FWEMIL, [Casel ¥R BL Casel THEE) DL
WAL CRFLT 5.

WA TEREDFRBR & LT, MHEREM Z H Wiz
Br#& % L7-, PFBA, PFPeA, PFBS, PFHxA, HFPO-
DA, PFHxS, PFHpA, PFOA, PFOS 33X T* PFNA @ 10
By DRI A4 100,000 ng/ll L7225 LK O FIL, PFAS &
FAREFER LT, ZOKEK 200 mL &8 VI AN, Z
Tl EWEM 2 FTE O &I TEIN U, RDRTE MR
DA ITITAINEE 200~20,000 mg & L, A A L A5Hifst

®-2.1 HB7T—AD—EK
Case W& kA sv
1 RLARTEME IR 3
2 A A R 3
3 BLRIE LR 10
4 A A R 10
5 BORTEME R —A A o MR 1.5

NEDEAITIT 10~200mg & L7=. 72 BEIRENL, i
PFOS & A7k & WaEM % Bl S 7-1412, #BR7KD PFAS
WEZNELE. 22T, SERAEWREMD PFOA I
B OREEEZERE BT L0 DOREDE L L
7=,

2.3 MAE

PFAS 21X, PFBA, PFPeA, PFBS, PFHxA, HFPO-
DA, PFHxS, PFHpA, PFOA, PFOS 3 XX PFNA o 10
By & RIERI G & Uiz, JIE Tk JIS K 0450-70-10 35 X
VBRI @A 19 1206V, Wiky a~ 7 7B ESHEE
(LC-MS/MS) % W CTHIEZ1T>7=. LC % ExionLC, %
7 A% Kinetex C18 2.6 pm 50x3.0 mm, MS % QTRAP4500
ZAWE., TETRMEIE 2 ngll &L, ZhRmOEHAI
1%, FHAIMEZ Ong/L & LCH~o7-.

PFAS JREELIAMOKERIE & LT, TOC (Total Organic
Carbon, &=f#KFE) , pH, B1 4> (Nat, K7, Ca?",
Mg2™, Fe¥™, AB") , A 4> (F7, ClI7, NO3, SO4
T) DOWRERIEEFT o7, TOC X 2HMERFRHIEEKIC
THIEL, pH 1IH T AEMIEICTEEITo 7. BA A
YIEICP-MS ZHW, A A iFA Ay Ia~w T T
ZHAWTHE LTz,

3. HERIRKDKE
3.1 PFAS IREEDIERFZEIL

MERSGE L= 10 o PFAS o2 T, £=F )7
MR O EZB-3.1 1277, PFAS FEZ & ICIRETT O
o 2EFRH 0, KamlckiT 28 BRFKIZEBNT, L
R 3% o Hi(—COOH) % £5> PFAS I, A/LisHi(—SOsH)%
£ PFAS LV & HEHIIREE S K & WM 2R L 7z,

100,000

80,000 [

—O—PFBA
—&—PFHxS

—A— PFPeA
—+— PFHpA

—m—PFBS
—O—PFOA

—o— PFHXA
—e PFOS

—e—HFPO-DA
—x—PFNA

60,000

E (ng/L))

40,000 |

i

20,000 [

0
3/24

ABRIFUKICE
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PFOA RS PFOS IR 4 RIEIZ BRI, ERNOE
PR ALy B e st B2 & LT iR K PFAS 2B O
FHNIBWTHHEINTWD. YEZFEH T, RHK
HooEBE e PFAS B4y & LC PFCAs st s Tk v,
AR R & B — BT 2 Bm A HER S v 2.
AEIZEBWT, BEICA BT PFAS X PFHXA, PFOA,
PFBA, @ 3 /T Y, PFHxA X 17,533~73,365 ng/L,
PFOA 1% 4,574~22,832 ng/L, PFBA % 2,943~18,536 ng/L

Tholz. HE PFAS L& CRBEICHRHEINZZ &
X, ThnooMmEOEWEEINER X OVEEENES LT

Wb ltEZLND, £1m, ANLNKEEHTD PFAS
1%, EIERH &N, PFOS IZTHR K 56 ng/ll THo7-.
PFBS, HFPO-DA, PFNA IZoWTIHEE FIRERECH

3.2 PFAS BELISNNDIKE DREIFEIL

PFAS LA O KERER F 4 B-3.2~3.5 IZ7-F.
BRFKF O pH X 6.4~79 TH Y, REFKFIZEEND
PFOS - PFOA I3 pKa B IEHI/NE N D L, KT
A A & LTHEELTWEZEEZBND. REBRFKTD
® TOC ITET=42Y v 7Y CT—ReEFIZEVMEE =~ LT
LoD, TO¥%, BBXZE 10 mg/L BE THE L T\ -,
I, A AT NaTRENSHBEIRETHY,
576~2,052 mg/L OFAPHTHER LT\ e, £, BA AV
TI Cl A A < 1,296~4,315 mg/L O#iPE TH
7. BEENFRME ok o AIYA MR AR M A £ < ST R AL
SyEDIRIIKIE, Nat<e CIT&E 0 i1 4 LIRS A i\ VB
MaRdT 2 EndY 2, KimORBRFUKIZFEER O KE R

ST, BREIZOng/L & LTHY o7, HTHolmt Wz .
10
9 —o—pH
T8t
%. 7t W%
6 |

4/13 5/3 5/23 6/12 72

7122

8/11 8/31 9/20 10/10 10/30 11/19

324 12/9
A ft
K-3.2 FBRFUKD pH ORREFZEL
50
4t
d
23 f
Iy 20
o
10 F
3/24 413 5/3 5/23 6/12 " 7122 8/11 8/31 9120 10/10 10/30 11/19 12/9
=5)
®-3.3 BEAFUKICE 41D TOC DOFRRFZEL
3,000
d 2000 |
jo))
E
*;7’( 1,000 |
>
0 i + F=+ : +—4 =% fa—=1 =1 i
324 413 5/3 5/23 6/12 0 7122 8/11 8/31 9/20 10/10 10/30 11719 12/9
A ft
K-3.4 HERFUKICE TN DA A ORREZE(L
5,000
4,000
a
Es,ooo 3
#2000 F
L
1,000
0

3/24

12/9
B fF

ABRIFUKICE SN D REA A 2 DRERFZAL
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4. PFAS ®EFEDIRES

4.1 SV3 TOHLHBRER

BETR DK ALEE i DY 41 CTlk, BOD DMLEED 7=,
SV3 IZTIEMERBE N ER SN TND. ZD, BEF
BRI & Bk FTREARRDIRIEME IR &, FHIE v b D
OEREM L L THER SN D A 40 S HBHEO ik %
HIIZ, Casel, 2 OxtIREBRAZIT o7, £ifli% BV (Bed
Volume) & U, FEiFsBi&Hioo PFOS & PFOA At
FE ORI AR 2 B -4.1 (2R, EFEREREH DIz T 5
PFOS X ICEE FIRMERM ChH 7272 0ng/lL & L. #
F& L TPFOARETIFIZHEHE Liz. 50 ng/L %R
L L7-& %, Casel Tl 1,494BV, Case2 Tid 7,701BV I
THOB L2, ZORLD, A o 2 flstis i hnRTE M
fRELER LT, BOBETO BV 235 5 fEREWVWEWZ 5.
JKIE K FEHEICHERL L PFOS « PFOA @ 2 Fi43 125 H L
TWEAEM OMEREZ FTAN L7223, EBROE HKICIT S
PFAS DOIHAfFEfERL TR Y, L 7=WEH X PFOS -
PFOA LAk @ PFAS IZxf L TH —EDbREMREZ R LT,
T, EERBICB T DWRAEM OLERIEEE & RS RIICET
it 7=, HIERNSEE Lz 10 4y D PFAS IZOWTHE
B OPFAS WERAZHM L, S0 RICB T 2WEREIC
DOWTHF Lz, RBRJFE/KD PFAS JREE L, EHOD
PFAS NS, WAEM D PFAS WA RAFHT 52 &N
AR TH DH. FEE PFAS WA | FHRE XL A[LITRT.

t—1

MO = ) (Cini = Couet WV (tin) = V(} [1]
i=0

TIT, M(T) : B T £ TOREEL PFAS SR (ng)
Cini + WUEMIN | 123515 5 BBUSAD PFAS B2 (ngilL)

Couti : HIEBIH i IZ31T 2LEEH A D PFAS IR (ng/L)
V() : B G ICB T A EROBRERE (L) , n: HIEXRH
BThD.

X-4.2 124 W5 50L 4720 @ 10 &5 D PFAS % x4
& L7-7E% PFAS W5 &% ~9. Casel ® PFOS - PFOA
LB SUIC IS DREE PFAS 5 EIX 54 mg L72 0, F
HRIRHERF S 8.6 mg &7po7-. [RIEEIZ, Case2 2BV T
PFOS - PFOA flfi#iF s Gl 18.8 mg & 72V, “FERRAERE
MIX21.0mg &7 o7,

WM O EA AT TSR WA 2 M 5720,
B IR 5 D R 25 B D3 S 25 B )k 2 R R EIA &2 W
REFHARELCER L. WERBAHAROFFAEXE
K2R~ T.

-
[

R (2]

_A
J_EX 100

ZIT, R REREFAE (%) , A: BIERERR
Rk A®E (mg) , B: FHAEE (mg) THo.

s BRI 2RI, Casel T 63.1%, Case2 T 89.6% T
Hole. ZOMELY, BIEREMRRAICIBNTEFE
Mk E R BEIIIRFHOBERENFEFTL TR, i
Casel TIXHIMERFWBRENFEL TV Z EAREN
2. F07®, RLRIEMHR COWELEIZIB W TIE, $I
WIEMER % PFAS ORITAERELE L CHYY, #ZEICHEM
REWR AWM Z R T 5 L EBHLERE R L+ 5 2 & T, WEM
SHEOFIHDFEEZED, WEREEZ LV REBITIEAHT
XbolEZLNS.

4.2 H£EFT RS RO PFAS A CDEESEREDEE
WAEM~OBFWNE DR ELEZ 2 5. RERIFEK & FGE

1E+04
__1E+03 |
= 1,494BVICTHGB 7,701BVICTHSB
S 1E02 |
T i é  Arrt B e e s B Bl
%ol —&— Casel(FItkiE %, SV3)
—O— Case2(A A X #ufthE,SV3)
M ......... 50ng/L.
1.E+00 : : : : :
0 2,000 4,000 6,000 8,000 10,000 12,000
BV (—)
H-4.1 /A 1y kR —L AT LRI K D PFOS « PFOA ORI

30

THEHARE

E’ TEEPFASIRES @ 21.0mg
ie 20 [ [Casell
iz 1,494BVICT
=X PFOS- PFOANEIE
2 TEEPFASIRES : 5.4 mg [Case2]
Tt 7,701BVICT
E& R PFOS-PFOAHNE —@— Casel(FDIR;EME B, SV3)
4= EEPEASIRES © 8.6 mg TAEPFASIRASE : 188 mg —O— Case2(1#4 > X #ukitig,SV3)
0 | | I | |
0 2,000 4,000 6,000 8,000 10,000 12,000
BV (—)
B-4.2 A1y h AT =0T LRI K D WRAEM ORER PFAS W i
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R D23\ T, PRAS JRE LSO KE DAL % R
L7-. 32 ik YV, A A2 Tl Na B, fara 4o Tl
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COUNTERMEASURE TECHNOLOGIES TO PREVENT PFAS RELEASE FROM
CONTAMINATED CONCRETE

Naoki HAGA Masaya OOTA
Yukiko HAYASHI Yukari GOTO
Jun MORIKAWA Satoshi KUNII

Synopsis:

Recent nationwide surveys in Japan have revealed widespread contamination of groundwater and related water
bodies by per- and polyfluoroalkyl substances (PFAS). Although PFAS have historically been used as key
components of firefighting foams, their replacement with alternative agents has progressed, resulting in a gradual
reduction of domestic stockpiles. Nevertheless, PFAS released into the environment in the past through
accidental discharges or firefighting training activities have led to the contamination of concrete structures, which
has emerged as a new environmental challenge.

PFAS can infiltrate into and adsorb onto the internal matrix of concrete, and may subsequently re-leach into
water even after surface cleaning. In facilities that remain in service, demolition and removal of contaminated
concrete are often impractical. Therefore, mitigation measures to prevent PFAS leaching are required.

In this study, a resin-based protective coating method was examined as a countermeasure to suppress PFAS
leaching by physically isolating contaminated concrete from water. The effectiveness of this method was verified
through laboratory-scale experiments and its application to actual construction projects.
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1. [FC®HIC
1.1 #t=E=

7 v RMEWOPT, VK ORY 7vFdaT v
X LAY DOKFRE PFAS LIFLY, REMZRWE L LT
LT NFA R F T L AR B (PFOS), ~L T V4w
* o & W (PFOA), L7 Fd x4 ALK
(PFHXS), K OVRFEHK 9~21 OEH~IV T VA LRy
FR(LC-PFCA)ENHITBND. TS OWE I E#
BHANEICRB N CE—HEREFHEIIRESNLTEY,
BYE - AL OEASHEH S Tna D, it PFOS &
PFOA IZ/K BB LTR80T 2 BRI B ICALEAHT &
NTEY, fEHEE L TAFHE 50 ng/l LL N 23E%E ST
W52, TR, BREEA, RO BB FEM L 72 2 E R
IZED, BARKSHOH FKEIZBWTHREMELZBRT S
PFAS {5 MBS, ZOEENPHLNERSTND I,

-1 |2 PFOS, PFOA KU} PFHXS D4y FHE=RZ <.
PFAS | 3VaiH kSR O ks D—2 & LTHEAINTE
D, EIHEEBEIKEOE KR END 9. b0
BITERMERE LT L7 e T A LR AL, B
KPEHEE LT PFOS & PFHXS X A/LRH%, PFOA i34
NRFVILVEEFAL TS, b7 =4 e Rd
PFAS 1%, BKMEREBUKMEZ AT A MBI E Th
D, KFETIEABEERET D Z & CRIRSM DR
RAZKTIED. ZORKR, WEBEIREICEE L
AL, AR 1Tk > THAMERELTIES D
LEINTND I,

VAVHAKIERNE, ZhE CIHBRER, Zeuk, B kBT
MRk, ROV HESSUAT 92\ T, SO AT
aeHME LTRSEASNTER. L, PFOS XY
PFOA IZxt9 2 HIRILIZIEYY, 2D &2 EH LVl
KIEFN~OUEZ SRS TV D D, ZOMER, BARE
PICRE &N T D PFOS &Y PFOA & A TRk 3EA1IT,
ERAEIC LAUE, 5 2 FERARO 3388 1T L hHAE
M4 R A TIT 1850 F L ETRIALED. — 5T, K
& LT PFAS SHETEM KA ZRE L T DRI
ELTEBY, DLW ILTHICE KT 2 BREE
Bt IhTns.

SRR AR, PFAS &A1 AIRAI D KBTS
Bilbikick i 2 EWEICMBEM T bR Z L2 kY,
HHRFORENEBFT O TS, —FT, ZhET
DRI 2 L7z ja il K EF O EIL 2 Fui b LTE Y,

PFAS & VAT KERI N LT a2 7 ) — MMsEm S~
DR B _IRRIEH Y 27, S 5IZIEZOXRKT
FEIZOWTIE o REn 2 ShvTunian,

1.2 PROSEEHFa VI )—

a7 Y — M, NEICHEEZ AT 5B TH Y,
DO BHREMED D, SMEBO AR K OV AR RS & PSS AL
W-BESELZENMLENTNS.

WAL CIE, WEBEIIES 2 HEREL L 72 PFAS &ig =7
U—bhaT7 iR e sl L CREHMRAEEER 2R
L7zfER, 207 U — NHIZEIR LTz PFAS 2K %
I U CJELUBRBE LT 5 FIREME 2 /R 18 L - 3 e X
ncnwg 910 F7, ars )— hEE PFAS O
& - PAEZEEIC OV, WHE OB AERC
EWEORBIENT LT rHELHS W, Zok
IMMARNE, 27 U — FHRIZREF S PFAS A3k
BHMAEERVIET Z LT, FFRMICE LB~
SNDAREMEETDHIIEERLTND.

WA, ERIZBWT, a7 U — Rz 7E kR
FINPWALIZZ LT XY, KRHEHRAKE KN PFAS 1275
ENEHEFARRE SN TS D, BHEF T, KRN
RO Z BB UER LIZIC L0 0b 6T, HERY
L7 B EIRED PFAS A S N7z, 2, K
WARDFHEE S OB PFAS 2343 - &L, T0#%
HEH LD EEZLNRD. LTERN-T, ZOX 57k
PFAS {GYxa 7 U — MEEWIZXRE L TIE, PFAS OFE
HEMHT=DOXIREHR L DLERD H.

PFAS |Z{EH & iz 7 U — MIZ2OWT, Yo
AN T LTWBIEAICE, sk TPFOS BI O
PFOA & A BEEM ONBIZ BT 2 HIRMEESFHE 9) 1
PEVN, WEONTBE - T Z ENREE L. —F, Bl
ELAT ORIV CIE, BRar 7 U— hofif
K« fEEE O MBOMBEAITBFENTIZ/R L, PFAS OF
HBGIEX R &5 U7z E TR 2 X5 2 &3k b
5. T, ARAFZETIE PFAS ImHBG I RO —FiE L
LCRAWETIEICER LiZ, KLEE, BIERME%
a 7 ) — FNREWCHETHZET, aryr7 IV —rEE
R ONEBICE R - W& LTz PFAS %Mok & BB
WZE L, PFAS O FR¥A H & OV D BR 855~ D Bk 2 Bl
THZLEHNETALOTHS. AKimTIL, PFOS,
PFOA, U PFHxS (LAF, TPFOS &) Lw)H. ) 25

F, F R F F R F = E F F F R F F F F F F F
S0aH SO3H
F F COzH F
E E E F F F F E F F F E GE F F E ik E F F

(a)PFOS

(b)PFOA

(C)PFHXS

X-1 PFOS * PFOA * PFHXS D4y FHE1E
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HITHar70— b b0FREEZLIIHOWVTHRT D
bz, BENRBICEVIALNI LI EEE LIED
HHRMEEOERE THF~OBHFFIZ OV THHET 2.

2. PFOS FMiaH s &L R

2.1 RERWIE

PFOS % & &ie/KIRIRICa v 7 Y — MERIKZ RIS LT
#%, B3 52 & T PFOS HE =7 U — MiEREE
ERI L 7=, {ERIL7= PFOS &&F =27 U — MiERIKZ
KEAICREL, 1 5 AMSELEZ. 2o/, BEkE
b7 0 RIEKERIL, KT O PFOS SR OREY
FlERETHZLET, a7 ) — b bOEHEH%
@ L7z, $£7z, PFOS a5 a7 ) — MEUED R
B RHE TIECTHO O D BRI ZBA L, =27
U— FAENCEA S5 PFOS %o i 2h B 4 M EE
Lz, &5, BREEZE L2727 U — MK %
PFOS & AKITIRIE L2, MEUAEZ Y L CKkMEE
L, HOUKEKICEELEZ. £0%, AP o PFOS 4
BEORBELEMNET S LT, BRmEGRDa
U — MR35 PFOS Z D5 R >\
WEEE L7z,

2.2 RERAE
(1) PFOSH&HaY ) — FOER

KIE/KIC PFOS S DIEHRIELZTIML, TNEh0M)
HAJEFE S 100,000 ng/L FEJE & 72 5 PFOS S5k IR & iR L
. AwmTHWEa 7 ) — MR, £R-1 IR
BEMHEIC I v ERL, ~HE% 300 mm x 300 mm x 60 mm
E L7 AR T v —%2F-2 IR

a7 ) — MK Z PFOS 5 KIAHKIC 14 ARIIBIEL
7o, BRI EBRVHL TNy N ET 5 BREL L.
D%, a7V —rf~D PFOS HOERELYHIET
5728, EREEmRL, A% 7 —LHHic XY PFOS
FLREAWE LT,

ar oy — hEEUE

l——— PFOSE&H 7k
AE 5L

REEE PFOS @ 100,000ng/L

PFOA : 100,000ng/L

PFHXS : 100,000ng/L

PFOSE&H
2r7 )= bHEE
-2 PFOS&&A =2V — FOfEfl7 o—
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#=-1 av 7V — MNRASHE

HH iR ESis
At AL w/c amh
ES 4 sl 15.02:2.0 cnm
e A 1.0+1.0%
HUEM e KA Gyax 15 mm
AR R A A ) cr 0.30 kg/m’ LA F

(2) PFOS EEFa VY ) — FEEEL S DB L

FRERER

PFOS & 27 U — MR Z 5 L O/KEKIZIRIE
L, ¥ 1 22 AREE Lz, RZIEER e iicsK s
TV, AKMH D PFOS EREOKRMELZHE L. %
D%, MEREZIY ML CERmOKBEELRE Lk, B
TIZHRE L7 5 L OAGEKICHEREL, RFEORRE
Fhi L=, ZOBEEZGF 4 YA 7KL, av s
— MEEAN S O PFOS 5 O VE HZEEh 2 514l L 7-.
A7 v —2 -3 ITRT.

PFOSZ%&E 1> 7 U — MMERE

il )
i

—» WHEIEAK PFOSHFEERTE

KEEBEAETERD

BRYEL

R&HT 4 E1EHE

B-3 =7 ) — MK D OFEHRBR

Q) HEHEI Y ) — MEREKDOIER

Piggm a7 ) — MEREDOER AT 5 7.

B-4 (B EHE N TRT% OO SV 2 3. fid
DOFFIZTHER L= PFOS %512 207 U — MERED
REICHTEWEM 2 %A L, 1 BRERSE-%, B
SVWTHRBRICBAT S 2 LT, ik am il ol
# Lz, KT, AART/KEFERAOAEELIEC

() Bl
-4 =27V — MR

(b)#FE®% XE/ 70



BIF5 [CH) MYOBBAfEL DX, BgkEs 2
Bz ClEL L. 2, vy M= A0 TH%
O TREZi#RE L. S5, EROETZEEL,
Bl 183 OBERIZE L R—ARNREAE LEEAITE,
WHETOMEZ £ Lz, 0%, 288 OhRE i
T.L, PiaWdEm s t+oicibsg sk, [P T2 #
WA L.

(4) PFOS ERHNEI R D ERSER
SRR By 7 ) — MR, 5 L oAk

ANTEBIEZRIREE L, 14 HFE#E Lz, RIEHR S

ITEBNCEOK L, KA PFOS SR A HIE L.
B-527 n—X&pR7.

PrEmEAED o ) — bHEE

«—KEXK BEFE: 5L
= A (148

BE. KEDOPFOSHEREAE

-5 PFOS ZEa il zh S o e iR ik

(5) BFBHER D PFOS H{EEDHEE

KIE/KIC PFOS SOEHERIEEZTIML, ThEnOHR
FE7Y 100,000 ng/L & 725 PFOS 25 /Kisig 2308 L7-. Bk
Weria 7 ) — MERAZ FKIRIIC 5 HRRIE L-#%
BERARHEZ AR DI L VB ABH L. RWT
KGR E 5 L OKEKEANTEABIAEIRIEL, K
FAFF D PFOS R ORIFEIEZRE L. Zhicky,
5 BRI A 75 L 7= PFOS 45 O F B % 304l L 7=

-6 (27 1 —X%ERT.

hEwEREI oY — MRS
<«——PFOSE&H K
AE5L

EAEEN]
X E

PFOS : 100,000ng/L
PFOA : 100,000ng/L
PFHxS : 100,000ng/L
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@ avH)—rhOEFENERE

a7 Y — RO PFOS EEA&EICONTIE, Bl
TRAEOUEFEDHLIN TR, oy, T
WZxt L COBENETH D [T O PFOS, PFOA KOt
PFHXS OB ERE FEIZHONWT) WE B IS5 i
L=, 7ok, EFGITBERICEWT, Y% HEEzEHAT
HZ&Taryrz U —MIZERT D PFOS HDIRE 2 M
EFRRTHDZ L 2R LTS Y.

PFOS &2 27 U — MERIKEZ L, Z0OREHN
59 M L%, 03 %7 =T EHA% /7 —/ 30
mL ZN LTSI 217 o 72, 5 b7 RBIR & 12
DASEEL, FEAEZ 100 ML A X7 T Za~BLT-.
OHEEE 3 BVEL, &5 NEEY
BEEMUEZ., SOICHTLEIC X DR E21T - 1214,
LC/IMS/.MS % FVNT PFOS S5 5 2 & L 7=.

-
—

() KEEMHBIEAZE

WEE, [KEFEBICHRD AOBEOREIZET 28R
RIEEZEOITEIZOWNT %1 (Bf 245 H 28 H
BRIKRIKFEH 2005281 5 BR/AKK L765 2005282 + BRER
Biakn) | P EAUER L CHEME LTz,

BRI L 72 AKRUEHZC N EM E 2 RN L, REIZIS T
s BHEE 21T o 721212 LC/IMS/.MS 12T PFOS %5 i %
ELz.

(3) HFFAIESEY

LC % Sciex #L:#d ExionLC, Z3#fE < A% Phenomenex
#18 Kinetex C18 FEHEAIKIAEE 2.6 um A7 AH A X 50x3.0
mm, MS (% Sciex 8 QTRAP4500 % AV 7=. -2 (il

®-2 AESEH
LC&fF
Beas .05 SCIEX#: % Exionl.C
hT L Phenomenex#t % Kinetex® C18 2.6 um 50 % 3.0mm
FAR 15ulL
hoLBIE 40°C
#EN AHE 2 0.02% ¥BE. 2mMEERET V€= 7 AGF K
Bifi: A X —n
0~ 8.25min  A{Z : 80%—2.0% Biff : 20%—98%

8.25 ~ 11lmin  A#{ : 2.0% Bifg : 98%

11 ~11.1min A#¥ : 2.0%—80% Bif{ : 98%—20%

1.1 ~15min  A#% : 80% BifZ : 20%

Ji# :© 0.6mL/min

MS/MS%fF

AR SCIEX#H#  QTRAP4500

4F 1Lk ESI Negative

SRM % PFOS 499—-80(TEEA)  499—99(FEZR])
PFOA 413—369(E ®A) 413—169(FEZR)
PFHxS 399-80(E&A)  399—99(FEZR)
BCePFOS 50780
BCePFOA  421-376
BCy-PFHxS  402—80
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2.4 HBREBE
(1) PFROSEEFAVY ) — FOEERRHER

ERL L 7= PFOS %54 = 77 U — h D% PFOS S5 A i
EER-3 IR, B, PO [G6&) 3&=07
— MR ZE/R 115 kg £ KO ITERIL7=Z &,

=-3 PFOSEEH a7 U — WG R

HH (AL PFOS PFOA PFHxXS
LA (ng/g) 19.0 5.52 8.76
GATR: (ng) 218,500 63,480| 100,740
BRVEIE  (ng/lL) 43,700 12,696 20,148

1 R IEPICEA S5 PFOS ZofiEz ~d. £,

M KIRHIRE ] IRk TPIcE R T 5 PFOS Z0a R
DNREAK 5 L W T2 EE LIZGEOBmIRE L L
THHLEZLDOTHS.

(2) PFOS FEFa VY ) — MEREI S DB L

BRI R

PFOS 527 U — MIEERIKZ 5 L O/KIEKICIRH
L, K1 AMEEE L. RESMPICE 8 RIORKE
FEha L, KFH D PFOS S5 B DR A JIE L7z,

FER A E-7T~B-9 12" T
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L7=. IWHIREE SRR 2> - 721298 1 [ H TR 200
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FEMET LZRTE 3 MA A 4 [H T, RIERG»D
#9800 FERI2NREE L7 FREAICR W T B ENCIEEL T
A/ o
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AAE R B AT T D T ORI N E < 2R D A
TRIB X Tz,

£72, FREV A 7 ITBIT D BkERAKE ORI E fE
RHEE-10 (2R, 7o, HEEEOHKEZEL,
PFOS } (! PFOA D& FHEE (PFOS+PFOA) 12 X v 3l
iTo77.

BB KT 5 KM D PFOS+PFOA 2 Il E s
BAR-2.4. 12”7

Z DOFRBHE R B IR [1] 3 E 7.

y =20764e0751x [1]

T, y i KFHOD PFOS+PFOA JEJE, x : AR

ko ANz ) Tho.

ALV, vy 50 L2nx BB LR, ZoHiX
8.0 72 o7-. iU, PFOS+PFOA JEFEZfE8HETH 5

50 ng/L LA F & TR T 2 72 012iE, §9 8 oKD AN
BANMBETHDZEEZRLTNS, LrL, a2
— ROKKEZBFRE SN2 AKOEAIZ BV T, 8 [ k.5
KD AR AT E T 2 MR YK LER - BESER A % B8
T 5L, RFEEOFEMHITFENEITESVEN. —FF, B
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y = 207640751
< 8,000 R?=0.9884
£
X
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H
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=B A
®-10 RIEABRAER (PFOS+PFOA)

(3) PFOS HFAHMNFIZNRDOFERAERIER

PFOS & F a7 U — MERBIZE AME A fii L7
kARG e L CRIEREZ FEfi L. ZORREE -
11 1R,

ARFBRICIT D 43S E O & FIREIL 2 ng/l & L
7o. #9380 WEfH]IRIEHIRI A, PFOS KUY PFHXS (3 V3
NOEKEE D bR SN2 o7, —F, PFOA (T
DONWTHE, REREKEEOFREZ D 3 ng/ll BRH Shizo
HTHoT-. £z, AifEIQ) TR LU EWRERETO
PFOS &&= 7 U — MEREL O OEHE L L
T-#% 5L PFOS T 99.8%, PFOA T 97.9%, PFHXS T 99.1%
DR RIS STz,

LED#ER NS, PFOS 25 H 7527 U — R
Pigt@Eaii T+25 2 LT, KH~D PFOS ZDIFEH %
ELIMHITE A Z LR EINT-.
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(4) HEBHERD PFOS HRBEMHOHILER

B &gk rE Ty o A2+ BT, PiatiEi
T D PFOS D EHMEICOWT BRI DL END
5. 2T, BiswEa s U — MERIKE PFOS &K
WRIRIZ 5 ARMNRIE Lok, KA I H LK%
1TV, 0% 5L OKEKICIRIE L. =B IRk
ZATV, KFAH O PFOS FHREAZNET 52 & T, Uil
BRI~ PFOS %DM L O K 2 Br M2 51
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fifi L7z, SABRKS R 2 R-12 1277,

—e—PFOS
—&—PFOA
—e—PFHxS

B HREE (ng/L)

0 100 200 300 400

AR (h)
®-12 BiE#E =7V — MIXT D65
R AR B S

500 600 701

PFOS, PFOA } X PFHXS DWW bt Sz b oo,
ZOWE TN NE 50 ng/l &I TR~ £, 4%
g & HIRIERIAEK 48 R E CIRE R AR L
723, ZORITEREITTHER Lz, 2 OREHER
L, SOLICERERELEZLAICBNTY, PFOS FiRE
23 50 ng/L % iR 5 FIREME IRV b o Lol & 7

F o, AR CHERE SN IRE L~ K ONREHER 2 8
Fx5L, Bl&N7z PFOS &3 IANET~RB LT
LOWHRH L= TR, BRlEREICMAF LT
W72 PFOS 03 KAICBITLZ b D EEZ BNTZ. A
FCIX, PFOS KB ~Z % ORUATES %, WK T
TAR VHERAWTREBHRIEDO S THME L.

—%, FEBEOM L TIXEEREHRST 7 RS X
80 +mERAETHDL D, RSk
SINBAKFO PFOS HREIZISI LI TZ D EH
bbb,

DEOFERIY, a7 ) —NIR#EEEEZRETT 5
Z LT, PFOS SE&EA /KNSR LGEICHE 0T,
PEES O HEL 72 K i I o TAFRE L7z PROS E & BRET
D ERfER ST

3. HEIZEH
3.1 RGHPE

AREFNL, ARG T D a2 U — MK
B SN 7= kKDY B PFOS R MHESNT-EFERTH
5. HAKERMOMWEZFET D02, IFEAKTO
PFOS S5 DJREE 2K L, HAMAKE LCHIHTTEEZ2 R AE
T HMBERH -T2,

SR &I DA TSN 3 EFTH Y, FENT
BAKER N PFOS SRENER > Tz, K91 MMIE
T DREKIE KO SHTER & FR-4 1T, FRCY A ROT
X PFOS SRENRE L, a7 Y — MUK ONEELRIZ
PFOS #2317 - BB L TV D Z 2 AE ST,



z-4 RGO KE KUK E

SHTEH HAL P4 +O PO AN
PFOS ng/L 1,100 330 25,000
PFAS |PFOA ng/L 126 20 2,300
PFHxS ng/L 500 310 5,200
&t ng/L 1,726 660 32,500
Tt A A mo/L 10 7.7 18
. AR A A my/L 36 15 38
HAeA A mg/L 55 67 97
7 AL A A mg/L <0.05] <0.05 <0.05]
T V71 Y [ (pH4.8) mg-CaCOy/L 180 52 150
EEERY (TDS) mg/L 330 270 320
AR (TOC) mg/L 7.8 11 0.7
pH 8.8 8.3 8.6
EC mS/m 51 44 50
f7k i m® 94 44 750

—%IZ, ZDO X 57 PFOS EH&EH T HIHAMKITNE
HSyENDZ ENEW. LL, OO PFAS
G A BEIEY) % ALER S FTRE 72 ALy B 5% 3 Tl T B LB
b5, REHITITRIEIRKENGFH 888 mMICk ST &
N0, W OGS R ~OW I ITE IR TR0 o7z,
F7o, Rk O HGUEEBET D L, KEFROHFR
FIMZHL Z &b HEERBETH 7.

ZIT, AFEHITIEarT Y — NEREFAKENED D O
PFOS L0 HAEHZMEI+ 570, HAWE T+
BEEBIT, YA FTO PFOS & A KDELALER
EEMLE. ZnICEY, WARKERERTDZ &L
KEWEEZEY, WHARMOMEEER Lz BRE Lizxt
RTHEZE L.

3.2 I AE

AREFITIE, =070 — NOKEREH O PFOS %5
HFEORHEIZER L T, LrLAens, BrAKRERN
BE~D PFOS %D fF B K a7V — NNER~D PFOS %
ORBVELTCHNDLOEBEL, MR THIEEZRT
L7z.

K-13 ICa T5E TREIC 1T 5
o I

AT, PFOS EEAKOEAAIIZ LY PFOS K&

AR R OB A A — X

NPFOA OAFHERE% 50 ng/L LT £ IR 2 & & big,

a7 Y — NUKBENEICHRWEEAE T 52 LT
MRS 5 D PFOS 25 DA B, 1 % (X - 7=

ar 7 U — MUKFNIZETE ST i- PFOS %6 H
KL, EZE OB Lo LEEE (De-POP's ION) T
L U722 BARGR AR~ LTz, WA L o&a %2 K-
14 1R 9. bR L, BRI PFOS SR %
HEL, ZORFICHESWT TS A2 EE L7
IPKFENDOKERBE LTk, Zelholoar 7 U —h
BRI OWT, SRV RS & V7o vEE K OVT i
HEEE L. 20%, ViggBEMZR L L, HEMHS
T Lie 2 & 2R LT, WNOWEEHEFERE
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8K RBEE WERE G
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{RESKAE
KRS
X-14 WAEMPRIZ X D PFOS & & Ak L

MEL72. RWT, RERAKMIZEE L QT E bE 2D
KK ZKMEZRL, —EMMHELL. £0%k, Ir¥
K& EREL L T PFOS S8R 4 lE L, PFOS KU PFOA @
AFHEEE (PFOS+PFOA) 7350 ng/lL L FCTH D Z & %
T THEDEFD—DE Lz,

3.3 HRLEER

B A S OWAAKD PFOS LT #E 5% [1-15 (-7
728, W LLIRE AR~ R LT R B DK D 43 8t
fER A TSRS |, (REXKEE D b B BHk % DTk
IR LTeBICEOK Lo R % TH KN KK &
LTRLT.

ZORER, WFROYA MZBWTY,  [RELRE)
KOV TREARIERE KK 1I281F 25 PFOS KT PFOA @
TR ITEE FERMEART (2ng/lL K5 Thotz.

DLEOERNS, WBFNEIZL Y EAHKFD PFOS
EnfrEshs e Ebic, BREBETEICEV= 2
— MRUKKEPNBED B D PFOS 25D FEEHAHIH S hi- b
DEEZLNE. Zhicky, HAAKOKELERLD)
TH KR OMSRE IE L 2 BB C & 7= &l L 7.

4. £EH

PFOS %z 5 H 7 21aM A FEANTEE IR EHENT
W Z e, REZHLOHEARIBIZI VT PFOS &3t
E BB LTOWDARENRS D, RS, HARRMICMRT
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PFOS - PFOAS B/KRIE/EBENFIZ R E L-ERIFORAFE &
RN AL TR 14 BEET M
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PFASE A 7K AEEIE K (AFFF) OBEEMLERE, B4R T 5 7 v bk FIT K DM O 2 A R
T ORFLENERCH Y, LMHEENHKRD D, ARECIE, P AREEEIZEY 7 vbkFHE
D EHBARIR A [ > 7 UFRRE 180 LINR D 7V A& — L BEIF A BA%E L, Z OREEILFRMERE A3 M L7, 3
BRCI, TWRBAEESF R L,000°CEL B3 K ORI RFHI2FD B & il L CPFOSH L UPFOAZ B H T 5
AFFF & BEHLEE U 7=, Z OfEH, PFOSIH99.99979% LA 1=, PFOA[L99.99996% Dy fiEshsk %R Li=. £7-,
7w I IE105~112% & 72 V), PFASOSERSEBREI NI, 61T, PV AREE I L OWET A
R O L, # A F % VEAROIN], REBROB I b N7 vbKFORmHFEREE
B L=, D DRERNS, AREHEFIZPFASE A AFFFO 220D R RN A BRI & LT VOV
AMEEAETDZ L 2R LE.

F—U— R PFAS/ KIS BEAVLEL REBEIR Sy RN =R/ B AL R AT A

= R

1. IZLwic 5. HEH AALERVERE TS K ORI AR R FTEAT
2. PFAST A AFFFEEEIR O 5L 6. FERICHIT &L

3. SERERABRBEZE 7. FED

4. BERVALERVEREFEAT

DEVELOPMENT OF A DEDICATED INCINERATOR FOR PFOS- AND PFOA-CONTAINING
AQUEOUS FILM-FORMING FOAM AND EVALUATION OF ITS INCINERATION
PERFORMANCE

Tatsuo YAMAMOTO

Synopsis:

Incineration of PFAS-containing aqueous film-forming foam (AFFF) is commonly conducted by co-
incineration with other wastes to mitigate equipment deterioration caused by hydrogen fluoride, resulting in limited
treatment capacity. In this study, a full-scale dedicated incinerator with a treatment capacity of 180 L/h was
developed by incorporating flue gas temperature control, and its performance was evaluated. Incineration tests were
conducted at a secondary combustion chamber outlet temperature exceeding 1,000°C and a gas residence time of
more than 2 s. As a result, destruction and removal efficiencies (DRES) of greater than 99.99979% for PFOS and
99.99996% for PFOA were achieved. The fluorine mass balance ranged from 105% to 112%, indicating near-
complete destruction of PFAS. Hydrogen fluoride removal, suppression of dioxin formation, and prevention of
equipment corrosion were confirmed. These results demonstrate the applicability of the developed dedicated
incinerator as a safe and efficient treatment technology for PFAS-containing AFFF.
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1. [FC®HIC

AT NFa TR IALEMB LR Y 74 a7 v
XALGY (PFAS) 1%, #Eomtk, mEEMtl LOHEE
R EINILEMERTH Y, BEFICKT S
PFAS Z UL T 5 Z L 3RO HI T 5 DA,

PFAS Oyt & LClx, &XIbFEmRILiE, 77 X~
W, efiE, BRI, BESOKBRCER & oORFZER
FMED LTS 39, LirL, Zio o iviEH-q]
HE72 PFAS OFJECIREEIZHIFINR & 513hy, KEUSALEERE
DIBRFESCRFMEICER S D, 2o, FA44F
VU (DXNs) RV 7 ==/ (PCB) 72 KD
Oy PR A HETE Y B O IEALALER LA & L TR OB B
BEHALBED, A ) 70 B LALBRE flf D — > & L CThLEf)
FHTND I,

PFAS G BEFEM O — > T B Kk ¥ kH

(Aqueous Film-Forming Foam : AFFF) %, Z&®PFOS<°
PFOA Z&H L TWALENRH Y, KU THRE SNT-FEH
KA OBIEAFENFRE & 72 o TV D O, —TJ5, BEAIULER
Tl PFAS O T v bkFE (HF) DBSEIAERT 2
EORMEAENBEIND. ZODENTIIhOBEIE
WL RA LT BIRESUEN TR TH Y, PFAS &FH
BESEW O ILBERE IR ESFRE & 72 > T 5 60,

7 ZTAHATIE, PFOS - PFOA &4 AFFF D%
RAEE B E LT, HETRBEFBICLY HFICX 25%
iR DRI % X - 7= LEREE /7 180 L/h ko> 7 v R - — )L
HEF AR L7-. & 51T, PFOS 3 LU PFOA D4y il
fe, 7 v RIZ, HET AMBEMEREZ b SR HE 2T %
FAM L, AELEELE O3 AN AR LT,

2. PFAS &8 AFFF EHEFEDHIE
2.1 HHFDER

BB AT MO A R-1 1[ZRT. R, 1 &
PRBEIR, 2 UIRBEIR, AR K OMEAT R ALER (i CHE
RELD. PFAS % miREREE FCof L7=%, Az
R D HF SCEEVE N R & HET AL IC K W BRET 5
VAT AE Lz, 1 IRIREESF Cld AFFF B X OBkl ¢
b5 ATEMEREE S, 2 WIRBER TIIFRRAT 2 OBRBER

BROPET ALB R 2 A G DD 2 & T, VAR
Ezfl LR o AEMEEZRETE DM e L.

2.2 EBFDERET A

e D PFAS & AFFF O BEHIVERCIX, RIS 2 HF
12 & AR & % Pl 3 2 7 OIRBELE N EFR TH D,
WVERREINCHIFI N B> o 7o O, KR T, Peb A REE
PR L Y HF IZ X 2B OEEZ XY, HhEOBE % w]
REETAHZEEHIEE L.

PFAS DOBEAVULEETIL, SWAOMIRERRT DL b
12, AIAERT 5 HF I X 5 MIE <> DXNs D ARk % i
THIENEETHD . &2 TR TIL, PFAS ©
Sy fRIMERE &R RE S MEOmNL 2 B E LT, HEV RIRE
BHERFOER S E L.

PFAS D43 fif gl & LT, 2 RIRBENR H DR % 1,000°C
PALl, HEH AWEREH A4 2 F0LL BT 5 2 & ZRREHE AR
ELTe 90 I 5T, BAAHRERH O E T AR E A
500°C UL LicHERF L, 2%, HEU ALFERpIC LY
100°C R CRamT DAk L L.

—WIZ A B EHT 500°C DL E CTRIEICREM O EWER
LA TR LIt EMERm LT 2 2 ERmbnTng 1,
Z DT, KRR TIE HF 25 TedE7 2 N84 5 2R #a
BHOE TOIRE%L 500°C LI EICHER L, RO
HlxX o7z, F7o, HET ANBREAHE CHEY A % 100°C 2
EETABTH I LITEY, 200~500°C TH LT
DXNs D7/ ARG A S O Bl & BFE L7z 12

2.3 HEH R ANERE fiE

P A EBREICIIBRA 7 T FREeHALE

(B-2 £2/) . R, SEEEET2@88PREICL->T
Beir k2 FRICL, @REEY A L OBl FE &80 X ¥
52k, HF, M bk:#E (HCD) B X URHE{LY (SOX)
R EDEBRET 2 RN ET HREETH S, £12,
Pes KT AR VFIZRIMLT pH Z28FE L, BT R
DOEREVERE & R HEREEEOm L2 X712, 2561,
ARRBRIFIIHEHT A 2 2mTHHELALCEY, AEME
DFRZE L Per 2B EEH A FRFICEE T 28582 AT

e L PFAS O fRBIGEAT HfERk & Uiz, F7z, BS#ss 5.
AZEH B
BIRKEE [
TR K EER (20m)
@\I
LRI DRUEE  BXERE BARIMBEE SR fEze
BEHREE 1,000°CLLE 500°CLL L 100°CHij#

E-1 HHEFE S 2T L ORER,



3. HIGABRBME
3.1 REREH

BASE L7 BEBEIF O MERE & #ERR 9~ 5 728D, PFOS E721%
PFOA % &4+ % AFFF & W= BERIRBR 2 Kl L 7=, R
BRCl%, PFOS /% 33 mg/kg ([CFH%E 7= AFFF 2% & L
72 Runl 35 X U PFOA £ 370 mg/kg (Z78%% L 7= AFFF %
R E L= Run2 308 L=, 7235, SABRBAAAHR S I3k
T AR T B HF OALFRRE I3+ cilfE T& ¢
WRDroToTo, PFAS OFRIZEWEAET D HF Affa
ZE L, PFOS B LT PFOA DO E T4+ Bk T AFFF 1o
7y FIREPERFRE L 7205 K 9 E L=, AFFF Offt
MEIX172~177L & L, fiBRENC AN A DA L.
F72, 2 WEREEFH DR 1,000°C DL RIS K OMED AR
B 2 UL & 22 D50 CilBlin 21T o 72, BRI &&-
LIRT. 228, ARBRTiL PFOS 1 X O PFOA D4y i
REWCIN &, JEH R ALBRIERERCRR A ~D BT OV T b T
fliz=1T - 7=.

RE. SOX RAEBDIBE L RDHMEMITONTIE,
Bkl e LT L7z A O E A ED 0.07 wt% T

-1 Runl - Run2 MBSt

Run1(PFOS) | Run2(PFOA)
AFFFt#8E (Lh) 172 177
BERRFR (h) 45 3.8
AEHEHEE (LUh) 29 23
PFOSiZRE (mg/kg) 33
PFOAEE (mg/kg) 370
£2T7vFREE (mgkg) 570 340
IRRBEFERERE (°C) 1,300 1,300
FHEREERE (S) 2.5 2.3

HEAHR
(AnER%)

D Wk (i)
a) EmX

g SURURTRY

b) I
X-2 HEA AALEEE i O HEBL
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HoT-, Fiz. AFFF P ORRFE X Runl T 15,003 mg/L,
Run2 T 16,000mg/L T& ¥, MaRER S O i A fmf 134 22
F&%CTh o1,

3.2 FHEmIEE

BUBEAR OMEREREAIE, PFOS - PFOA D43fEshsR, 7 v
TN, B 2 LB RER X O M A2 g L LT
Feli Uiz, I, REA O EFHE KD,
LFRFTHS D PFOS 3 X8 PFOA BbRIELRE. %77,
PFAS DIEMAL D FERIZ R 2729, AFFF D7 >
RECHEN ANHERE CEIN SN 7 v FEREDOINI %
FEAM L 7=

P A ERPEREIE, HF, HCI 3 X T8 SOx DEREMRE
B LTz, 512, RIAERMRIROG M2 AT 57
W, HEH 2B L OYEERAKT ORE ZRIE L. RifEae
PEIZ DWW, BB TRICEENS > BRBIZE L, HF
WL DB RO M4 iR L.

3.3 H#IER

AFFF, e A% X OPED A LB DO IEBR /K % %P 5T
PFOS, PFOA BLUE7 vHRiREA ST L. £, #F
HAHF @O HF, HCI, SOx, ®EZEy, TV LABIW
DXNs ZJIE L7z, i 7 iEOFMITEE#R DIRT.
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g‘“g 1,000°C
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RUn1(AFFFH£#4)
0 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
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4. BEENALER M REET
4.1 BEANGH

Runl (PFOS) B XL Run2 (PFOA) DOHEN AIRJE D%
R L2 R-3 1ZRT . Wakbh & b TRGEERIC L 0 AR
B IO ARE & EH S 7-%12 AFFF O % Bt
L7z, AFFF fSBHARRFIZR VT, 1 WBRBEFH D3 KL O
2 YIRBEF H 0 O T ZARE TV 1,000°C B EE R
L7z, &7z, AFFF e &2 E LI BEREDSHER S 1,
1 WRPRIENF HH TR 1384 1,300°C DL ETHERS L 72,

AFFF BABRAA TR 13 2 RIRBESF ~D A i 247 1L L
7200, 1L IRPREEF H N X0 2 WRBEF H 0 O HED 2
BEFTWINE 1,000°C PLEE#MERF L7, Zhik, AFFF
2B END ARG DRBEIZ A G- L, AFFF B{RDMEREL &
LCHRELIZT2b EEZ BN D.

— W RR BEZEY) O BEAVLEL T, BEHISME OMERF O
T2 OIZAHBIRE & kBRI B T DA 03 % V. — 5,
AR Tl AFFF A T IC B W T HIFRIRE DN L E L THE
I TRV, HEELBEO/MREHE &% KB ¢ X
DAREMEN RSN, ZDZ &, Eina X ORI
Mz, ZEbRFPEHEOHNRIC b FEHT 5 2 & BHIFF
Shb. F£72, AEBRTIE Runl B XL Run2 Wiz
BOWTHEBEOEB AR I N &b, Al oxt
4 & L7z PFOS 5 L U'PFOA & AFFF 12X L TZHE LTz
BEBEREN G OND DO LB DT,

T, BUSHIRH O O AR L 500°C LI & HERF
L, HEH A WLHEER @R % O 2SR BE 134 80°C TXE L
THER L7z, 61T, #WHERERIX Runl T 255, Run2 T
23s ThV, HFFEETHL 2s L EEMER L. T
DOFERIND, RixffIL PFAS O /3R X OEIAE R 5 I
VB RBREI SR A R T5 2 L AR S .

4.2 PFOS - PFOA >Rt &E

PFOS ¥ & U PFOA Dy fizh# & %-2 |29, PFOS O
oy iR %0 3% 99.99979% LI E, PFOA O 4y fif %h 1%
99.99996% TH - 7=. W TN ORER b BER O &
FHIEIRENS 99.999% L) LD SRR Z R+ DR T
ot 8. £, Pk AT PFOS EEITEE T IRE (8
ng/mN) Ki#HTH Y, PFOA R 16 ng/m’N Tho7-.
S HIT, PEU ANFFRAIGER 7K H1 D PFOS 6 K UV PFOA i
BT, BEAMLELICERET 5 LB LN AHIMTED O
Nmol. ZNHORRND, KREREFIXPFOS B LW
PFOA IZXf L CaWWRIERE R A 5 Z L R S 7=,

4.3 7vHRIIRX

Runl B X Run2 12815 7 v H K2 R-3 1T~
7w FINFZ T Runl T 112%, Run2 T 105% & 720, Wi
Nbh—%d 258 %27R~ L2 ZhEv, AFFF FI28

41

%-2 PFOS + PFOA D5 it h %

Runl Run2
(PFOS) | (PFOA)
AFFFLEEE (L) 784 379
PFOSFE 1= IXPFOAERE (mg/L) 34 379
PFOSE 1= [SPFOALIERTE & (mg) 27,000{ 250,000
PFOSE 1= [XPFOARSREE (mg) 0.058 0.099
PFOSZE 7= [XPFOAZ f#%h3E (%) [>99.99979| 99.99996

F) RNBEEFFARELVRBEKPICFET HRK
KUEBELELTEHLE

-3 7 v HEIPK

Runl Run2
(PFOS) | (PFOA)
AFFFRLEEE (L) 784 660
AFFF£ 7 v RiEE (mglL) 586 349
7y RLERTEE (mg) 459,000 230,000
HAR-BRAKBD T vHREE (mg) | 514,000 241,000
7 v HRIRXK (%) 112 105

) BAR BERKFOTIORERR FHABEUH
HRRUBRHEERKRD T v REOAHE

FND T BITBEHALERBICHET AF L OEN A L EE %
FROIEBRAKF TR ENTWD Z & DT STz,

PFAS OBEAMLIRTIX, SEZhEIIINA T7 v FENKD
BOWMEHERT I ENEETHL. ARBRTIE, 7
FIE A 100% & /a7 2 & D, PFAS 3EREL S

N, RFE-—7 vHEHEE (CFHEH) NUkrsh/izbnl®E
Z o, LLEX Y, KEHEFIL PFOS 35 X OV PFOA (Zx}

L CTEWER L igttRE 2 A3 2 Z L s S e,

5. BN RNEHEES & URIERBET
5.1 HEA AN EEE

P 2 VMR RE &2 R -4 (TR Y. HF OFREZRIT Runl T
98%, Run2 T 96%% <k L7=. F7z, SOx DERZEZHIL Runl
T 79%, Run2 T 90% T -7z.

SOX 1T 2WTIE, RERUGYBHIEEIZE-D < BLHIE 3 5%
B L O R SEEIC L > TRARL -0, — R
EHEAMMMIRETH S, LonLans, FHLEZ A
HlIS L O AFFF OB G &2 b HEH L7z SOHRaiR
EEREREL LA, 19~90%DBREREZRLTED,
T NI DFEBRKIC X D ERME T ABRERE N HER I NI
B, 2ELLTEEGES6mBIOKE Z@EMA LT
AT L7235 A12iE, Runl i L OVRUN2 & & BLHIE & i 23
LRERTH T

JEZE T DT A D HF REITWTNORERTS 20
mg/mN Th Y, BREEAHEINNEESHEIORIN S EEE



5mg/meN LI T Ziiife L7290, £/, KB TIZHCI,
NOX 35 KX TONEW U AAZHE 9 2 HHIE LR E STz
2%, HCI, NOX B X ONEW U AOHIEMITVT S BEEEY
BEAMF I A S D i b gk L WEBIMIEZ TRl 7.
INEORERNS, RPN ALBBEIL PFAS &F

AFFF DBEH) 1#0\%%$@“5@krﬁzjaxm?£ CHEHTHY,

P A DBRERZEMEOBENS b B2 EHT D2
LR ST

5.2 DXNs D #rfER

DXNs S #rfE & &R-5 2R T. YV Ao HEMESRE

(TEQ) IZ Runl B LTV Run2 & $1Z 0pg-TEQ/MN T -
7o, F7-, fERAF O TEQ X+ E4 0.099 pg-TEQ/L +
LTV 019 pg-TEQ/IL TH Y, KERFEEETH D 1 pg-
TEQ/L % FlEI-7=. L OFERNDL, R#ECTHEAL
ToHEN ZRFEEHIC L D, DXNs OF /7 RE RS HH
SN EEZ L.

5.3 lirS kiR

PFOA % x4 & L7z Run2 #& T 14ICEENER &2 Bt LTz
MRATE-1 \ORT. BEORRE, BENEIZE LWVE
ALHEBITRD DR o T2, Kiklin T, BscHds
A £ COHEN AEE % 500°C LA - ICHERF 4 5 #2217 -
TAER, HF L 2RmEAEZIMFICTEZbOLEEI LN
oo LEXY, REFECEM LIPET AR EEHIX HF I
L DREHIRRE LTHBTHD Z LRI T,

6. EREICAIITE-EZER

PFAS &# AFFF OBEHMLEE T, RBIAERKT 5 HF 12X
DRI R OSSN DIRELENER TH Y, LHRE
WZHIR S o7 0D ARBFSETIE, HEV A RESHE LA

-4 Y A FERE

Runl | Run2 | &#&
(PFOS) | (PFOA) | B #1E
HEH R EE (mgm®N 2.0 2.0 5
7 vibkk i o (TR
BrFEER (%) 98 9
B & |BAREE Mmym'N) 428 230
AL B (%) 791 90
E1bKERE (mym3N) 0.3 0.1 700
ZRBIEMEE (ppm) 56 60 250
[FLCARE (¢gm3N) 0.07 0.06 0.15
%=-5 DXNs Sy Hif 5
Runl Run2
(PFOS) (PFOA)
BEHRTEQ (pg-TEQ/m3N) 0 0
fEIR/KTEQ (pg-TEQ/L) 0.099 0.19

PE T 2 ALERRAN 2 B B DB I B ER S R T b A RS
L, #9180 L/h OALERZAF:IZ 3T PFOS 33 LU PFOA I
T AEmWOMMEREE MR L. Fio, 7 v BN IIHM
A—E L, PFAS DHEMLAMEN TR S LTZ. S HIT, HF,
SOx 6 L OVHCI 72 & DF#tEH 2 D2, DXNs Ak i
RONCRIME RO 2B L2 LD, Rl
PFAS &4 AFFF JLERE & L CEmWiaEfE2 a5 E%5
b5,

AR T, AFFF RS S 2 IRBEN 0 IR 1,000
C U &M TE -, F7-, AFFF HE/aBIRATRITIE 2 TR
Bel~0 A BEIRfE A1 L THO BRI E R T & -
ZEmh, AFFF IZEEND A A CHREEE LT
BRLEZbOEEZLND. DI &%, MBREHE &
OIERBLNEE 2 2 N OFFROB AN L bHEAITH D L&
AbND.

—Ji, PFAS Xt TiL, HHKLEETHER S
PFAS W G TEIR oA A o AR DA « MEE AL
BOLEBERPEE R oTWND. 2D OWAEM O AL
BIZHEW TS PFAS ORIZTE 5 HF OFEAERRRAME R
ROVBEE D LD, KL THE DI HEN AR E
EHE L OPE 2 MEICBE T 2 A L, PFAS W& 2%
EMOBANEENICOEA T 2FEERDD. 4%
I, REBEFE CHE LN IR ATEH L, PFAS W5 3 06
PER B L O A MBI O 4« EELLEL~D G

ATREMEIC W TR R D 720,

F 72, AHFIETIL PFOS B L NPFOA % %4 & L CaTAh
THME U723, PFAS X4k bt 25 2 ERET
D, BtkIL, PFAS HACRCIREE DR 2 FREFW %
ToiRBR 2 S L, ASEAT OO EL P K OV ELE & R
THIEBREEND. XD, RIEEROBRHS (L2
%@%%ﬁﬁ@mowf%ﬁﬁ%&@ﬁﬂﬁgfka

7. L

PFOS - PFOA A KB KA (AFFF) Z%t5e& L
7’:&&}@’*73 180 L/h #k D 7 VA lr— )VELEEIF 2 B L, BE
FEA L7z

AL PR
Y

AR TR DN R 2 LI T




< BEVAREEEIZL Y, 2 BREEF H DR 1,000°C LA

b, TREEER] 2 s Db, BARSHAGRH DR 500°C DLk
B L OMEZHETE 100°C LLF OS5 CHE LT FiHiElx
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SYSTEM OVERVIEW AND FIELD DEMONSTRATION
OF THE RELOCATABLE “DC MICROGRID IN CONTAINER”

Nobuhiro KOBAYASHI
Takeshi SERIZAWA Shoji TAKEDA

Synopsis:

This paper describes a containerized DC microgrid system integrating photovoltaic power generation,
stationary batteries, AC loads, DC V2X and BEVs. The proposed system applies a three-port power conversion
unit (Smart Power Hub) and packages the major equipment into a relocatable 20-ft container. Field demonstration
tests at ICI-Camp confirmed a maximum power conversion efficiency of 96% for the Smart Power Hub alone.
The tests also confirmed that the system maintained a stable power supply under rapid fluctuations in
photovoltaic output and AC loads by balancing grid power and battery charging and discharging on the order of
microseconds. On a sunny day, the maximum 30-minute grid energy consumption and cumulative grid energy
consumption were reduced by 77% and 47%, respectively. These results demonstrate the effectiveness of the
proposed system in reducing grid energy consumption.
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CENTRIFUGE MODEL TESTS ON THE COMPLEX DISASTER OF AN EMBANKMENT
SUBJECTED TO EARTHQUAKE FOLLOWED BY HEAVY RAINFALL

Yudai OHTSUKA Masafumi HIRATA
Kenji MARUYAMA Takeshi ISHIGURO

Synopsis:

In Japan, large-scale earthquakes, typhoons and torrential rains have become more severe and frequent, and
concerns about complex disasters where these different natural disasters occur in succession are rising in recent
years. For example, following the Noto Peninsula Earthquake, subsequent torrential rains caused widespread and
severe damage. In linked complex disasters, the impact of the preceding disaster leads to more widespread and
severe damage than in single disasters. To establish the methods for evaluating the damage caused by complex
disasters, examining preventive maintenance and disaster prevention/mitigation measures for earth structures, a
centrifuge model test linking earthquakes and rainfall was conducted. This paper presents the results of this
experiment by comparing with data obtained from a previous test of single rain event. As a result, it was cleared
that when it rains after the embankment was damaged by an earthquake, the embankment settles faster than it would
with rainfall-only, and damage of the embankment spreads over wider area.
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CENTRIFUGAL MODEL EXPERIMENT ON THE STRESS FLUCTUATIONS WITHIN
THE GROUND SUBJECTED TO COLLISION OF PROJECTILE AND ITS
UNDERGROUND EXPLOSION

Takeshi ISHIGURO Kenji MARUYAMA
Masafumi HIRATA Yudai OHTSUKA
Shinichi AMANO

Synopsis:

Considering the recent international situation,there is an urgent need to implement countermeasures against
missile attacks from other nations and to construct robust shelters where citizens can safely take refuge during an
incoming attack. The Cabinet Secretariat envisions the use of underground facilities as emergency shelters in times
of crisis; accordingly, the authors are collaborating with the National Defense Academy to investigate the uncertain
impact resistance of underground structures against incoming projectiles. Several experiments focusing on the
effects of impact velocities,impact within liquefied soil and underground explosion following projectile penetration
were executed. The results showed several valuable insights for the design of underground structures, on the effect
of impact velocity; liquefaction phenomenon,and explosion within the ground.

X 1AJE ICI#EEr 22— ICIT7 / nd—ko 42— #ilgErsn—7 * 2 B JSOL

57



1. [FC®HIC

WFEOEBEESRZESLD &, MENS O IV A1 VI E
NOFFR, TR T R N2 2R AT RE A R A2 7
T —DEBNAF L R->TWA D, NEEETIE, A
FHORRIH T RiE: 2 REGH MR S HE L TR, FH
DIEBHE KRR E bl L2 b, REARHRAOZ N
TR ET 220 O ML A& &) O T MERE DI >\ TRFTH &
WO TS, PR ITIE, 13O FZEREE 2 O TRk
Wy 17 22 W 0D MV PN it ) 25 B 0 it P R I B~ N o 7 1 B
BHAFHL, BRI ORAT, M EE o —
T — X DT EORRGE, WRALPERE T O 58 KB D
BATE, 130 T O E 2O FHCEE - T Tk
DR ERFEE T T2, BT, VAT FAX A Lk

BN RS CARA L LA ~ 0> T8 22 By O MR 2 B O R 1N %,

H 8 855 O 22 TR R O 53T Tk 248 M L 72 A B
D xR F — R PERE O FERRCME R 2R iE (DEM) 12 &
LW R RO TN L, EERAE R LTS,
DR FIE D Z i A7z

— 77, DR SRR A T AR EL AT RE 2R ORI AR
ERBE TR DD 2 L, IR MR 7 22 D Mz
HE (EZEH STt 280 afkEzgoitik, Ry
B % O E R O MR N IS R B DO FHISE D45 % D
ERRE & LTS e, KR, Th AVEICHE

TLHEMERBLOCZOZEREEREZRETOLOTHD.

2. FRFEYEREFOBIMEDEREER

2.1 BEREEBROBE

-1 [ZEBRICHW BB OIS K %, R-1 ICKBRr—
AR, BORHAZ T, 0E 500mm ORI RN, T2
U VEL O 725 MR ARG RO (BE 110mmxiE S 210mm)
ZERE L, SR A O TS Y R O % S £ Tt
HER) 0% DEHME A ER U=, HTHEED L0 B
T, R-1LHOEERS —AEIZ, HES 80mm O Hi
ZAERIL 72, CaseAl~A3 TiX, HHuiz (Mt E R
90%) XELIRRHE T A RIS 27, TRRMIERL D%
TrS () 228 b3k, #FEED R
BRI O TALBE T &, FORi% 20mm B L 74L
BIC T EE 238 L7-. CaseC2 |LigHu%: (FHxf& ARy
50%) xfUFIRAE T, MIREICHI TR ZFHEL, E-1
OFLE CHBKEF 2B L GERHEEIC L D35
R & [EhEd 5 HIC, 228225 20mm BLE, K3EJ7
EHCF 5 L7z) . CaseC2 O RIBRHR I 130kt 50 5% okt
WA Lz, BT DILEE 506 o b &, ZERJE
600kPa TREI-2 D F&SHHHE CHRORIIBRL 4 4 HI L, HiviHh
RMICHE R STz 9. FORPERIT RS LK (T
B T, IMEEFHAZEY 72, CaseA3 DA, N
HOREORMBE CTIEEF Z23RE L TR0, ARk
FIES 11mm, £ 60mm, B3 17.59 (EX7r—
JLTHEA 0.55m, £ & 3.0m, HIK 2189kg) THD. %

58

=e:+/Fit
mo 7k =f(Casec2o ) [l EEIHL
“ﬁ%grm dr X
(RRIZT-1) S

200 THINE TR IRE

CaseC2 D #
KfifekE Y20

1 =
CaseC2:Dr=50% © 1@ @ B0
1:CaseA:Dr=90% oo b0 _____v__|
L Dr=90%

290 e L N
WTEEEY [F10°7 28w
F9IN7 09%)

| 279 221
- 500 >
RE80mm "
osal TEX
150 U oum
7%3

-1 A

®-1 FEBpr—=
TR | LERHAIRRE| E T S
CaseAl | % - &J% | 15.5cm
CaseA2 | % - &% | 35.5cm
CaseA3 | % - #t& | 95.5cm
CaseC2 | #&- 72 | 15.5cm

(m%F¢‘ i(w%?&

H-3 TRSRMEERI DO TR (5] CaseAl)
FNbERETOa ) 4 OB KT D720, 3
LB DT 7 U OV Z BT 7.

2.2 EREFER (EREEDEVDEE)

-3 2 CaseAl D EHE T A T TR L= Rkpppnl
OB FRWAETRT. BRMEEFIEL L, HRHAEIC
RENOBEFNRRTEND. %47 — A TIERRWER O
TN BE Sy AT & — PR Sy L CHUE oA &, RERESY L CHh
MEEABELZEH L Y. CaseA3 TliE, mEidED A T ki
O IR E S, Rk A E A RO T,

BI-4 (T CaseAl~A3 TH: b7 AL 0> Hiix i 5¢
W DEZEHE & e iz A B OBMR & R, ST
DREL DL, HBEANEIE L ZBEORKEE A



%0 120 ETA s EeE o
e 00 |--e-EF .55
€ 30 -0 g —— BT S B o E50
W <80 A E -t
18 25 4 @ L9 o 45
< 20 o143 K 60 2 40 i
im, ol i 02 A 4 rg A3
2 15 i S 40 / 3 | 35 T
N =y ViN
2 10 P o 50 2~ 30 —-
¥ g Al H T~ A2 o 25 AL =7
L XIERZ -] g M XA 2 ) — L 2 BRI X A=
b AL
0 10 15 20 25 30 35 & 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
IR E (m/s) BIZRIRE (m/s) EZRRE (m/s)
-4 fEEHE &R AR -5 MESLHEE & i b DR RE M-6 fEZEHELE 7 L—x—1%
— —EP_B |
5 30 — 2 - H
5 R E —EP_Eaff) 1.2 D—
= 25 %%I%“ R | o Ha o . —P1_F/Z30mm E
H o o 1 P2_JFJE53mm |- = d
;\\ 20 " Y | - Re., - i 08 —P3_FE75mm . © e ©|
L 15 ' = 4 =N
I M ﬂ”ﬂﬂ A ‘q " IH 0.6 v
& 10 Y = 04 ‘”““"Q‘*thLi
0] @
L5 J"""‘Lﬂw 0.2 =
o LIA'N a2 0.
H 0 \JIV o, e Y 5 0
4 HEERT T = Pam aEss e e
W7y lmermmr oo 0.02 02
BsP(sec) | HE DRARE LD 0 O o e v 0 1
kil (sec) : REDOHEAKZ A
-7 V& TALEEGTOE:F) ORFZIE (PREES ) B-8 V% FALEREGTOauls’ (ZEEESR)
15 = o 3 12 . | .
AP EN I © 1 sipmx L H
— Ahr AP ANA WA
g 10 K\ /«w“ e Sos
X =y
s e e et e 2 e
Iy B s S S e Ao o 0.4
RS =
= PLETA 520 __H & 02 PLE T 7 520mm [ |
= i —PLE T 7 5 20mm| T = o, L
. \J ——P4_[E T/ 540mm %.jl.é.-fg ® 0 - BT
42 —[PS_”ET{/J‘ =uf|50mn? _f_._.n.g_._l o I@ f f:aEﬁﬁ; I_PIS_LET/J l{)60n?m
fRemE: 0.02 0 01 02 03 04 05 06 07 08 09 1

FfEl(sec) : REDmAKZ £ A
-9 % TACE LT D) ORZIEE (B 570)

BHIZIERIEMICEIN L. 727 LEZSEEEIC W TIE
B Z X —MH 2 TR DR EL VT S DT 76.2mis F2
EA2THY, BOEROBEMLULN L THDI2DIC, E
B CHEBLARER I S IO W T —EDRAR R H 5.

-5 21X CaseAl~A3 T LAV M2l 5 & T &
W ki (EA S — L CIRE 4m) COMBRLEDORKED
BfRERT. H8LEOREKEITW T OB ZEEEICE
WTHE FLEERE N CTRbAEL, MElENRRER
5T L. -6 ORI O TIC
FoTELEI L—F—0R L $T-, TREFEEICK LI
IERIEHIC I LT,

K-4 # /% L, CaseAl & CaseA3 IZ351F ATy
DOHEBIZEREDOIL 2.3 5 ThHDH. RFERTIIHR Y
R OE &, BEHER L ORERAR—TH 720,
EZERF OIEE) = L X — LT b 2 3 & 72 559 5.3 1%
Thb. —75, BORMBE~O R #2212 B9 5 BEEAT
e T, 7 L—& —1% Dc [IfljZE = 1 VX —E O 1/4 FlZ
FeBd % BIFR Dex EAMOR G TN ¥ O ARFEBRT
RO BN —ETH D Exv2TH Y, BEE
AR BILRIF A ZEHE v 2% LC Deavi R I %

X-6 |2/~ CaseAl~A3 DERBRFER A De=Cv™" DR X

59

FrfEl(sec) - MEOmARFZ LA
X-10 % FALEENT D Auls’ (FEEKFES5AR)

FXTEIFT D &, B0 13K 042 L0, BEAEMFIED
HEDNNDIEH OS5 IHAILVMEZ R L. 20T &
b, KEBRTEOLNTZ L—F —ROELEH KA,
BEAEAFZE T SN BE = 1L F — 0 U4 | L A
REmMERLTCND EEZXOLND. L, KREROT
—X1% 3 A ThY, BRI L IXENS, MEEE, M®
SR L OB AN R D Z LD, RERE
RoOBE G > TUARADORSLEZBIET 2 5 O TRV,

Flo, Jv—F2—%FM#RLREL, 7L —F—ES
WA TR EARZRERSE L THWS &,
B ARICHS T 2, RKMBEARL 7 L—4
—ED2F L OMIBIT S, ZOFEEIZ L D CaseA3 &
CaseAl OITH 3.9 5 & 720, B-5 TR dH THEEY E
HICRT DIk KEBELEDOIIRN LG E otz B,
At B ABIIRBEO 7 L— X —ES LIXRR D720,
OB R 7 L — 2 — KRB TIE e <, ORI
DENE T b —F —TGR % R T PEBR AR FE O FH kY 722
BIECTHhD. £, BHT R L¥—, PEBRIAERICHEY
TOHREB L ORKERE LR 2HEETHY,
o & EHEN 2T XL F—ERERE L L TN 5 2
ElxTER.

-
—



722U, EZERFOEB) = R X -2, Rk O E
A, 7 =2 =k %D Mg OWIEER, Hhio%
) - A, kT PR S X OV NS~ O i AR E SR (T
ARLEND T ET, HEBRAERICA Y T SRR KO
RS O o KA T OFINEAR, Ml = KL ¥ — D
MFEL VNS otz AR EZ HILD

2.3 ERER (RIRIEHEhBE~DEEEER)

CaseC2 “CIXMRAL M MR |2 KRI85 T S 7.
TR E Y IR KD HKE BRI RIC/ER L
7o. OB (EEESZOEMZET) OFEF ORRE
{bER-7 2T, B TIAEE T HAKFEFMIZ 20mm B
VT ANLE O W A O R BRK IEFH(PL : ZREE 30mm) T,
FREAHAEI 0> B AHTH G T IR A (§F K E 2> B 0 B
KIEBE S EY N AT U228, o )xlis, ARl
FRAUE R R XA E (W KE L 0 b~ A T A 1285
U7-. HUBEZEER(P3 « R 75mm) TIZIEEM DA L5
L, REEEDP2 : HE 53mm) TlLilid o R~
A F ZU~DZEB &R L2, BWRIBBAKED B — 7 [E%
AREZ] (RO R (THIZ T A & O $hEL 5 M O B R
(=M EORERHE) 23K L 70 2 RIS &R IE
L, FAnERo0 X 5 ICHBRAKEN~ A F AMICERT 5 2
i, MEHEICITVHBERTIZECEE CThH o7, T
EWE EoLER EP(ET : £ 1E) X EEBBAEDE
BEZTCEARICYA T AN KRE KT LA, e
PLE D> BRSNS SOCHEL 7 EP(ELAL) Tl o BN
Rond, @tF ER#IISE-ElEERTRY, #T
HEY L@ < R hEOMES £z, EHREAMAED D ORE
WIS U CARY)— iz B35 2 LARB I, gl
WD~ A F 2~ D RBIBRAKERANZ DWW T, R b
MECHEM L 7D TORmBELREERTH Y, TOBLET
SHOMMERELEEZD (7 L—4—REICLDHEBE
O T JERA OB, Wi - 2GR N R R e B
BKEISE DO RTREME /e B2 BIND) .

®-8 1%, HEHEEL (B-7) Tk, Mo+ E
MNE LA 00 W R 22 FIBUKE O E R 2, B
MIBUKELL (DA, AKIEEE & WEFR. MBS K T ot ok i VR
BT DB BUKE DA T4 0 FEO . Z OfE
M 1.01272 5 & HIEA IS & 52 Ic ik L, iRk
£5) TEHEHLL., HEEZOKELDE— 7 HiTHE

EBE P TN EL (\ABRO~ A F A AZEB ORE) |
HRIRE P2 A b K, MR N N LY H/hS
V(SRR S OBERRICKTIR) &) o0 M B %
R LTz, TR, MU (PL) CrIRpRI R I L
WIKERA R 2 IS L (R <0850 Hik 2~ & o 1
MAKEGH=~A 71 —Ya ik dbo&HEE)
0.35sec LAMSIC B —7 2l % 72#%, WHRICHER U7z, PR
JE (P2) & HIARTEER (P3) Tl v — 7 PARR KT He 1344 & (238
D OKIEHERD) L, 1 BfaR% oK E XA A& IE L
K GEEIZEN) Elol-. ZDXHIT, R kpmEigen;
B L OZE D% g T AR N O BIBRKEZENIE, 2280
b OHEREC~ A T AUFEEH O K/, HlEN~A 7 L—
2 v EEFIRIE~DOBAT /2 &, M2 Ul PRI B K &
BrERRLTWHHEDEEZLND.

-9 1%, HURAED (R 30mm) (Z350) B MR/KEZEE)
Z, WFALEDD ORI mMOMEN I L,
P ETZENLE D DAL H RNIZEEIL TV B 728, E-7 Off
ZE M FIZ BRI BKE O/ B &I/ hS v, AL
BE T2 5 20mm B0 (PL) TIERTHR O X 5 12911
T~A T A (OAE) MICEETCTEY, 40mm -
MEPH THARFIZIEES W DD~ A F AHIZEE)NX
BTz, —J7 60mm 7= (P5) TlE, ~ A F A
ZEBOEBIT NI oz, IR TIT s L—¥ —1%
EARRICHER T A Z LIXTERN SN, B-6 2R L
HiEAL 60 mmiL 7 L— X —DSMANCALE L TEY, AR Lk
7 L— X —FANT LD L0 R O ER, KEIE
ICBENDIEE NS RDZ EDEELLEZ LS. H-
10 1FE-8 1272 b\, fEZEE T # 000K By 7o B K E
FEN A K EH CEBEH L. AKELIT 40mm B0 E
(P4)T 0.9 &iRIRALIRREIZIT <, 60mm BEFIL(PS) TH 0.6
TR ORI R & 7z /R LTz,

PLED X 95z, RRWiEizemis L O 0% o g ok
W ORI MUK IE O R4 & HEEUE, E2280 0 O E -

£-2 FEE L DEM RN ORI T, HE, WREE

FIT# | 43418572 | 93,348 339,312 | 1585451
HLIREE

R 1.618 1.389 1.337 1.349
(g/mm>~)

HM-11 10 BEOKT Ao —/v7, 5, 3 DR TEE

60



14
:g Scale7 12 Scale7 :(5)
_ Scales ;r/? l; Scale5 = 35
g 40 Scale3 ) Scale3 g
R e e B s e | B
H 5 H :\ s it 6 ﬂﬁ Scale7
iﬁ 0 4 \‘;skk’ —om———n ﬁﬂ 4 i 20 ——— Scales
& o b 7 B, 15 | gm0 Scale3
\‘(/ I R L SRR £
-10 0 . 5
-20 2 0 /
0 0.001 0.002 0  0.0025 0.005 0.0075 0.0l 0  0.0025 0.005 0.0075 0.01
2 (sec) : M EAMRR R Z B r % (sec) : M E AR A Z ¥ o 12 (sec) : M IE AR A 2 B
B-12 EBREKFA—7, 5, 3T L OERELE, fMESRERE, HBEE AR
120 80.0 70
g 70 0 _ (o}
100 o g 700 ~ 60 =
s 2 60.0 g 5o
i N1
& 80 50.0 o o
T < | 40 ¢}
H 60 i 40.0 o
3 & ™ 30
W40 o 300 ;
& o iR | & 200 ot 2% o B2
20 ¥ 100 - 10
—o— X8 —o— X8 —o0— X8
0 0.0 0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
2R E (w/s) 2% E (/) FZEE (ws)
B-13 fHZEEE SR L EORKE  H-14 25 & Rk g 8 A& X-15 fHZEHEEL 7 L —F —f%

KT OBERE R (722 = K1 % — QAR B IS
5 LB D) (TR LM ZE IR - R 25 8) 2
ALTEY, EHEREODOANT) - Mo & 72 5 #
EEEMR L EIPRYRRL, HRRLD LTS
ZLpHER SN, BHT — X &2 K0 RIS TS
ZLIFER EEL S, AR 2 O L 7o ik
FEHOFTM & BENKLELEZ TND.

3. ERERE (DEM) 12k BT

3.1 CaseAl MFHIRMEHT & DEM R FEDFEKRET
TR O 8T 22 BT A 25 % 7= 1a DAY F2 R (CaseAl~A3)
OFBRITIZHN D, R-1 FD CaseAl x5 E LT,
DEM fEHTIZ I} DRI A I — N DB DUV C Y
atAa FE R Uiz, BATET VT, &0 DAV S

DRLF BB I ORES 2, TRENRLFRERAT—L T,

5, 3 Thit%, M M&EEMEM O LA %280 B L
ToROPHICELE Uie. MRAT S 1E, B L 7okl O R
Ex BT B0k +EmIC PR ERE L CENEZ 0T
S, ERE 1.0 BRZAERIC 100Hz OV A il TR L
T L CHUBREBE A ERIGESIT . (R-11) . %®-2 T
FBROLIRIE & R T O, HREENSRE L
HETERL T H & 45 A — )V DKL T30 & OV MR B % LLis
LTWo. 27—/ 3 THERORFHIZIK LT 27 50
ERHY, GHREEITERLD 0.229~0.281Mg/m3IZE T
155t & 72 o7z, CaseAl XI5 L L CHFEAr—b

7, 5, 3 O TIHEM L7 DEM EHTHER A R-12 12777

ERLEEEICER 5 &, RKMEIZET D E TORH

IR R o —v 3 PREBRFBRIGEVENZ R L. 2
L, BRI TFEDNNESL o= 2 & CRIEMRE/ SA NSy
(EENTWEONLL ERVNREI oz tEBEZDND.
— 07 TR I R & M BN s OV KT RIS
DWTIEART =L 7T Rbo & bV MimE7eolz. Zh
I FEBROME R CIT R RE R L ERAEZROWEK NIZBW
TAT =V 7T BEbIEWVEAIZRL TSI E, £LT
AT CIM EAE 7 & FE 5 R b FEERM 13w E
MEALFT TCND I EREND, WREEN KL ER
WIHEWZ ENRERBEREEZ X DILD. HEIREE MR
T & TR A2 A K DRI O il 7 W OB Eh 340
il & A9, AR 2 H LR T2 O K SRR 5
HELRDoZ ERNRREEZLND.

3.2 CaseAl~A3 D HERHEET
3. 1 OBREHERFMEE 2 D L, R B — g A f-

B R £ ORGSR B A r— v T 78 2B BT
VMEB Z R L2, —F T, RREE JE OBz

WTITRLIF R A 7 —/v 3 D3 FBRRE R Ml & 78 LTz,
BT, KRR —v 3 TR b % < FHRATT
AT 00, FEEROEL ST EBOBSATE
FTHDH, £ZTLUTTIE, LD CaseAl~A3 D Lb#
ER—FUETITO 120, BITBRAZ— 3 ZT ML
LTEA L,

K-13~K-15 12, 2. 2 TR L7z, fubspE 224 %7
CaseAl : 11.7m/s, A2 :16.1m/s, A3 :26.7m/s |Z}\) 5
IR L R KR LR, REHBEARRSIO L—%
—ROARERT. RREEEI, R oI

61



PEVEGHICHE KT DA 7R L, CaseAl » 5 CaseA3 (2 WL I E CHEEER Y9 HWUT7 7 VAR y 7 2%
T T OBEIME A o D AR SEBR AL L & BB B < LTHY, T#HYEL 80mm LR LICLTWS. Hilglz
—H L7, r— AR O/ R 22 K/NBERR b B O & RN EE O B A M L, M E=0%E 725 K5
AL (R-13) . SR BN &Y, ARiiis B o BN AR U 7e. 2 oo A ERAE L 72 Bhi T i fer 2 8 & 3
PENHEFHICH R T A AR L, CaseAl 7>5 CaseA3 T EL, /AVoOSgimidt TEEY O FIEE 20mm (nE
2T T OB AV om DA SRR A L & TEMERIC—E L WCRRIE L7z, S RIS FLE N & 20mm, 40mm
7z (B-14. ETFAHBOBEEZIZLY, B-15 & 0it  FEn @i DR 2 SE LB HEEFHIT2 2 &
SHEIEARES) . 7 L—F —RIZOVTH, FaEE N 2, IEICS EAD 20mm T ONLE I AKSE 4 2 F
REWVIZEIERT 2EMBZBITRER D bR I h, FE 5 LEFARE LZ. $£72, HBEANGEEE 30mm (& T,
BB SN L— 2 —ROENIMER & A O R % KA - BRI BRI K OV A e E L CEHI
ALz (B-15) . BLEXY, RiFEX T —N 3 ZHW EiToTW5b. BEE-2 IZIER L /- BRI 2R3

DEM fEHTIC XV, s R 253 2 R I D iE MR 72

75 EET : B AN RIS -
ZAL 2 A0 2l O RBLT & D TREtE R ST, Ertt WEh Ensss

m: LEF

4. IR RN HE ) I
B HNEES0G

4.1 BMEIESHFTEE L RDEREROBME :
2%, 3ETIE, BIRHEAHEREENCRIET RIS

WTRE L722S, EA LR O Ml N T o5 (b
RS ISR TSI R 2 B HE (R +
JE) HEEARIER Th 5. BHEICHE LTI ASHE
R 1g B TORMIER 9 INThn T\ 528, JFi
WS 5 4 PRI L 72 KA AR = 7 L COEREITH =
R (AR b E) REECHD D L H D ERERIE
i, Zok, BEOEBHENC LY R0 EHEY
DEF T ORERNE B % 1 DR ERR % - Rt CRéE £ mm]
PHNThHD EEZT. L WTHEY
PUFCHE, 30D N Ol A AT RE 72 FE AR 22 5 % WA LA )

WEBH L ERAPEEARIEL, B LEORRERR '
FHNZOWTHEMNT B, 728, EOBRIFER TGN
(FE77) OFELIE 1 TH D 72O FIZIRR 5 EHMEZER
(it ® 9L F— Z— T IEV) BB & LT,
FH-1 (3, SERELZBNHERGERTHS. ES
X7 \HiPD T EMEZER (B EINE 1.5MPa) ZERGIRIC T
BRRIASIC PR (BRI 0.0 F) LT/ Ao
FHTLA B [ERG 7S 2 W5, o ~BRRs 0 72 1 247 9 A1
el 2o T b, ZVONRIL ¢dmm T, JEiici ol.
8mm ORI ILZ EF 9 A TR TS, £7-, BRI L S :
ANOINIZEAF E R L TR, WHHREOIE S % 7 'i__@
MTEBHEHICLTWS. E-16 X, = OB HERH s
Sl % N DR E R OB T 5. MRSy DRl DI TERGTE

Lot Ei

150

340

250 250

150

(@]
X-16 A 8 O X

=

; 5 ~ — 20 - 10
1[EH : EHEED S 0.025 FSGC.]& g $ﬁﬁ9"l‘yl7(7k) T 8
: = 5 mE e | b E 6
2[E B :1301[MPa] = 4
H 10t | 1 =2
Ul'i i <R 0
B oost B -2 '
S | P | ‘
:{nf 00 : ¥ -6 ]
5 ~— R0 11fsec]— M3 LS i S
= _05 1 1 [ -
0.05 010 015 0.20 025 0.05 0.10 015 0.20 0.25
- . ] FiEEER [secl #ZiBEFR [sec]
FR-3 Kokl B-17 WOREROZEUECREEA)  E-18 LA F o KIERI S G AT

62



QUSRS 5 0.010 [sec. i
o

@SR D 5 0.025 [sec.]#&

5

"3.‘"3_2’1‘55%#5 0.035 [sec.]# ‘@‘"ﬁ__ﬁﬁﬁ#ﬁﬁ‘% 0.070 [sec.]i&

- 3 : o
BE-4 VEFERO BRI
= 20 r ; ; 15 : r r 25 . , —
a ! = g MR i — L (ESRAET)| = o [ b AMB50mm GEREE30mm)
= . o 10 | GEEsomm) —— BbAS20mm | a 20 | DA S 100mm(REE30MM) |
= 15 o Max 1318[MPa] 7 X, 5 | BB AN BA0mM X, 5 | thehiE I (R 100mm)| |
H 10} | 1 R oo Wm R 10
K i : 3 MM W& 3 !
B o5t H s ! P
% - § § Em— 3 ! H o ;
00 ! 1 ) ] 3 R T
= i ! Za-15 ikl ® -5+ e [t 7]
& - ]~ @ ~— g ] % [ " mmony s
2 o, i L T -20 ‘ -10 ‘
0.05 010 015 020 025 005 010 015 020 025 005 010 015 020 025
#2186 [sec] #ZiBEFRE [sec)] AR [sec)
X-19 MEEEFOESKITEEL E-20 MEHTIRFO LT (BhiE - KOF)
15 UL DL L B L L B 15 T T T
fo, b 550mm, SRE30MM o F Bl A B50mm, SREE30Mm
o 10 | | - o 10 - | 4
2 2
— 5 - . el 5
o #® o
bl bt
B Sr | 1 R’ 5T ; b
Jr;m.;-lo - _;H£-10 -
W I 15 57B5M8 : 0.125]sec ] : 1 ~ H : TS 51BN 0.125[sec ] j 1
-15 L~ PR SIS S SIS -15 PR SRS NS S
0.05 0.10 015 0.20 025 0.05 0.10 0.15 0.20 025
@R [sec.]+ #Z@eFR [sec) BE-5 +ORERIL(ERR)
®-21 WESEEFONHEEZE GhE - KF)

4.2 BT EHTEROBER

R b 00 3 DBR FEBR A 4T 9wl 3RE L 78 -
EHFTEEOBMEF = v 7 2 ER L. 22T, E-16
ORI (BHERBIOT 7 VLR y 7 X)) Ofb
DIz, FULES 340mm £ T/KhRE AN, =OIEE 506G
TSR A L L. BE-3 1%, J AL D IERE
LSRN S NZBROEER TH D, KFICERFER O
WIRMD & & HIT, KEITKENSL S B2 D872 2
5. B-17 1%, B E ) AL OB OEFF O RIE 5
ThD. JEHX L VAN LEMPa THLDIR LT, /X
AN HIE LIMPAaRREDE I THEF Sz B2 b5,
ZOMET =y V&% 2 BIFEMLTWDD, EHEEOTET)
OFHRFITE <, HEICIMEROEHBLTNS. &
B, BE-18 I Al FMHICERE Lo KEF OfEZ R LT
20, HTF/ARXBKES RENL OO, 2 [BlOERE
BB LT 5.

PULOBHEF = v 7 2% T, K-16 (2R3 & DA %
BRAEAT- 72, mODINEEL 506 Thb. BE-413, Ef
2SR REO MRS TH D . TEMEREEN T 52 &
WY, HIERE CIRERIRIC IR AN IR X A TV D EETF 28
Az 5. B-19 1%, BHERE ) AVOBOEIFHOHE
FERTHDIN, KERAWEFAIT = v 7 LIZIER UZEH)
oL TWA., K-20 13, #Hi FHEEY O KigIZERE LTz
MELEFHOFERTHD. A ANRE < RO

o=
ZER

>

63

J R)VIE T T 7~8kPa FREEHEMNEK T L TWA.

LD 20mm B 7oL E T 5~6kPa DIKT,

40mm B 72 A7 B TIRIZ S5 2~3kPa D +E QBN A R,
bhd., Zhix, BE-5 IORLETOMREICEY, H#
DR LB THLEEZLND. —J, KELE
DOfERERLD &, B-19 (TR TEATREDE S O E D
FELEICERNLTEY, KEFEIZLENMEEL TS
TENbMD. B-210%, HE 30mmALEICERE L7 nE
EHOMRETHL. ZNOLOERER D L, B-19 IR
FTHATREDOE O N DO EENMEER IR TED,
WA LD IMEEREEZRECTCETNDEBLLND.

7E, MEGREKERFAERKRT S &, KEHBEOE
EOHFRRENZ ENDNS. LEES B AKFESmOS
WDRENWD, EERHE S ITCLRARY, B FIRE
FENZITERE LEEL, T LAKEF OB XE &
Ezobhb.

5. &M

AWFZETIX, KM DOMEZE & i g5 O FFEL % 3 D

BIEBR CRATAER K OBRE R L. BHNzERm

WA LLUFIZRT.

1) TR O E &KL 2 Tom DR R T,
ZEHEE QBT Rk oz g A&, H
WEMIERT A EELE, BXOMERRZ L—



S —RPRIEENHEINT 5 Z & 2R L 7.
RARAC KU ~ DRI E 22 RERClL, HIRE % OB
R 72 @ I H B K E DB (= A T A [A~D K HR)
N CTOBBIMBAKTEDY A 7 L—a v, &
D% OWHORATRIZB T 2 EFRE~OBTRE, —
JRI 70 B R D N I B & 1R e 2 R B O M e 7 i
PN BRI ER 3 FHA S vz
EBIZE S (DEM) % U 72 TR SR W i 22 5 o T BL AR
Bricsesr s, V5 DEM BisE ORI -8 & 48 2 T- 3 fif
BrashL, e Lokt az R al-.
) DAER % Ik ST fFHTET V& FHWT, ek
DFEFEHE 5 75 % 7= DEM fi#tr &4 9hE L 7-. i LE
WOWTIIERMICLEWFERME, SHBEA
B L— 4 —IZHOWTIE, EZEFE ORI
I IR 2 BB R &2 EERIC T D 2 N TR
7.
FAE LBy R B A A IR E L, K
3R 0 RABRIC & 0 HATEE B OB ECEH R O FHAE FE &
e U7z, Bl &feed i Lz LR ER T, "4
SR AT sehhis U 72 2 45 L OV BE 3 T A3 3
I, 72, Zh o OMAPERIISRE M E Y bk
SEHMERER L TWD Z & R ENT-.
AREIOFERIZE Y, R~ ORKBE A, B
L OHI PR R O R R A MU R B SR STz, A%,
WFE DN, 37000 BIRA LA Hif  —C o> Hi g E o
MR OMERSC, BRI 2K X - O MR g D%
W EICEHR L. Rk ofiize & BAE ILE o
BRILEFRICRAET S, mOERERIZEY e
52 LIRS Bbhbw, ERE#HE (DEM)
SR D WG SBHEROMTR L, SBRLEEEX
HILD, ZAVHDERN, MHTRIEIRIL, HPREEYD
(HF > Z—) O TIRHIE & 3R FHEDfESTIZ T C
BEZTHNMAEZ S 25 b0 L Bbh, 5% b5 &
XA EED TV FTIETH 5.

2)

3)

4)

5)

64

BE . AR EEMT HITHIZY, BfRFEROBERE
LR, M EBEERICCHE 2N vz, Iz
L CRERHOEELET. £/2, AR, MilT3s
B o BEAT T HEE M OO Tt B S A 1 & Ml fliod
T omitE RS (ZER  BURALE) OIGH)
D—EELTEMLIZLOTHD.

-
—

H
-

al
-

ZE XK

1) BhfEdE c B A, pp.19-22, 2025.

2)  BhfEREER T WEEERE R OREHT I T D AT
LEEE, pp.l-4, p.12, 2023

HILER, FHEN, REEKR, 6B, RKBEE
—  FRORWTE 2€ d6 L OVHIL A g 38 far B AR IF oD M
W2 EZ B 2 D AR R & 2 o3, Al
MR BT a5 45, VOL.60, 2025. FLILER, A
B, SFHER, REEX : RRWE 2RO HE
ZENCBIT 2 E L E AT ER(Z D 1), % 60 [HIHuE
TR R DR E, No.24-3-4-03, 2025.
Uehara, J. S., Ambroso, M. A, Ojha, R. P. and Durian,
D. J.: Low-Speed Impact Craters in Loose Granular
Media, Physical Review Letters, Vol.90, 194301, 2003.
Walsh, A. M., Holloway, K. E., Habdas, P. and de Bruyn,
J. R.: Morphology and Scaling of Impact Craters in

3)

5)

Granular Media, Physical Review Letters, Vol.91,
104301, 2003

&Rk, JEEIER], Seong-Wan PARK, 7 F#hi—,

DEM Y2 =2 b —3v g L5 —mEABRBRO
PRI ICRE 9 2 /st Hg L% v —F L Vol.l1,
No.1, 21-31.

MR 5, REPARN, B 5 EE, SR AR
D EFIRE 3B+ R VI RIE T B L 2 0 2
DIEFE, WS LR SCHE, Vol53A, 2007.

WP ae, KREPARI, B 5EE, #ELfRE+T
JE % 52T 2 i R R IE A O T & RGBT
% FEBREAFSE, M L5 e C8E, Vol.55A, 2009

6)

7

8)



AT IR #RESE  VOL. 61. 2026

RRREBRTEEREICHE ST S
RURRERE AR EEEDFHRE

Ao BT SRV B N
oM w2t

= =]

AR T (R 1320194 ICAIZE100MEE2 M A2, NI IREATIFZEAT ORSRE % I FF - 7ZICHR
G F— R RWMERFETICR Le., ZORICIRERRE ERiE & U CRBELREE S BG4 #rek L7z,
ZORIATIE, SROICEAEREZITH) ZEEENE LT, =T —7NEMIC, BIRERER G B
EREEZEAN Uiz, AHCIE, KREELSENE RO E 2 B0 L, EUREBREE 5 SRR E OB % &
FIAR DL Z T 5.

JEIR SEBR AT B B (R 1Y, KRBUELFREE R B RIA D ¥ — v T — 7 VIR E S, 4 —rT—T L
T T HOHTE & ) o T2 B 2 GISTF — Z 12 S W T HEIICEET 2B Th 5. EEOFIL, #
— T =T AR BT S T2 oemmA O AR A KT AR X §ED, ToHEET— TV FENIC
BRIE L7z b7 /N—RIEEIC X o TKIE2 FAIC B BICBEN AIEERLI6R DT 7 Fax—2 —TH L LI 51
EeioTWd., ZOEEZHND LB LE B CERZMO ¥ — 27— 7 VHEHOBM 2 RUEST 5 2 &
DA[GEE 72, FERIBUERER] 2 KIBICEME CX D L5 ot Fie, Z OB CIE- I B % v
THEVAESR (AEER) HSR~OBBIINSNWZ EE2HERLE.

F—U—F LB IR, R SR B B EIEEGIST — & /iU SEER

B R

1. Uiz 4. HEEIZ L DR A Hu
2. HeEmEE IR FERRG R RIE
3. B Eh R E I 5. BbVIC

£ % i MR ik

DEVELOPMENT OF AUTOMATIC MODELING EQUIPMENT
FOR WIND TUNNEL TEST WHICH MAKES EXPERIMENTAL TIME SHORT

Yusuke MARUYAMA Naohiro NAKAGAWA
Katsumi FUJIHASHI

Synopsis:

Maeda Corporation celebrated its 100th anniversary in 2019, and on this occasion established the ICI Integrated
Center in Toride City, Ibaraki Prefecture, incorporating the functions of the former Technical Research Institute.
Within this center, a large-scale turbulent boundary layer wind tunnel was newly constructed. To efficiently
conduct wind tunnel experiments, an automatic wind tunnel model fabrication system was introduced into the
turntable section. This report introduces an overview of the large-scale turbulent boundary layer wind tunnel and
explains the development and application status of the automatic wind tunnel model fabrication system.
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EFFECTS OF CONCRETE MIX PROPORTIONING AND PUMPING CONDITIONS ON
VIBRATION-ACCELERATION-BASED PUMPABILITY EVALUATION INDEX OF
CONCRETE

Yuki MIYAZAWA Kosuke MINAMI
Takayumi IMAI Hideyuki KAJITA
Shinichiro HASHIMOTO

Synopsis:

Previously obtained full-scale pumping test data were analyzed to investigate the effects of mix proportioning
and pumping conditions on a concrete pumpability evaluation method using vibration acceleration measured on
pipe surfaces. The evaluation index was defined as the peak value of the amplitude spectrum obtained by FFT
analysis. Multiple regression analysis identified the volume of paste containing fine particles smaller than 0.3 mm
as the mix parameter significantly associated with the evaluation index. A clear relationship was also observed with
the amount of aggregate larger than 0.3 mm. Although the evaluation index increased with pumping rate, the
relationship between paste volume and the evaluation index remained generally consistent. These results indicate
that the proposed index can capture changes in concrete pumpability caused by variations in mix proportioning and
pumping conditions.

kX 1AKE 17727/ uy—kvr % — @ERME I L—F x 2AKNE ICI T/ uP—krZ— fELEHITN—T
* 3TEETERT ALE T AHERE %R

71



1. [FL®IZ
BE, BRITEFICBITSa 27— bR TIER
EATRIEFEA~D 2 7 ) — NMTIABREZNRIITH &

LR TE LML EE LTS AR TS D —J5T,

JEED N T TANRRAET D L T TRICKE 2 8r &
FETZ LIRS, KHDL AT BERDT v r— FAET
I, JEEO N7 7VIIEEF ORVEFEN 2,73 2 EHDT
WHZERRE SN TWS, BEHENEELEZEAI
X, JEREMEEOFWHIM A, B O RO BAZER O BR
FRENVBEL 25120, TRESLCWBEIIRE R Es N
ET T TR, EEEOLREMEOBEAND LiEE L
b, ZOkw, AEORAEZRRIBIETSZE (U
T, PAZEMNREEF0T) 1L, Lt X OEENOmm)
SROONDEERLERNTH D, FRCTHEL, mmE=
) — bRmEMEOE Va7 ) — R Y, SR
Y7V — FOBAEORANEL TS, £, RRHETE
BT — AERER M LA LEREL TR Y, JE%ESE
PRZE VBT R > TWD. 20, FHERBETIE,
i TR S E ORI, BE&E, EEdEEBIO= v
7V — MEA72 EOEMEBEENICHEET L & & BT, E
THOERRELZ EREMICFEM L, B oJkEz L
WEThZ ENEELRD.

ary ) — FOEXREFET 2EE LT, BENEN
EMETDHEPHNONDZ ENRNHDIN, ZNbDH
BEHEA OISR CRERREE L LEE L, EliL
~OBERIITHERR DB, £, ENENIHELRNIC
AL LTEHAS Z EB8% L, HEOTIKE B
IR AR & LTS LS+ TR,

T TEROLIL, WEEREICRE L IEERHC X
DG L EEIEE AR L, BEENOar s U — b
DOEME L5 B VITERE L OfFf22758 & OZEB A S EEME
R L, PAZEBBHIIERAT27200FE (LT, £F
HBEERT) ZRBEL TS I 51T, AFHEICHK
Bk E BT HWEE (LLT, aE L) 2lartdo
DI LT, 7T —LEFRREEREE SMITH L, IR
FEFF O BRI ANE — Stk N T, JEREME ORI FTRE T
HHZEHERLTWD DD F i, RPECIY, B
v NEHEM EE S S B ELA OF WS E O
BRI PE S TEEEO B 2 E BRI TE 5 2 & 2R
LT 90 UL, ZHETORRTIE, BAERER
JERE G N ERBRMEIC KIETREBIZ OV T, B0 EKR
JEREERS Y —X (UT, EBRy U —XLFET) &0
BREBRPLTHY, BHOERT Y -0/ onT
— & BRI B U 7o S A IS T v T e,

T TR TIE, FEBS U — X TIUHE L7 iIRENINE
FET— & BRI L, BLASM R L OUESESLR

REGEICKITTHEEZRALNCT DL E AN L L.

AHETIE, BLERM LRI L OBRE O T2 &
L BiT, ERREE DR

5

WCOWTHRE LR REZRRS.

72

U DIT, BENE B L OEE TR IT D IRENINEE O BER
AL, STV DM E 28 E Lz, WwIZ, K
T AL MNEOME MR EORAE DHESRMFICTL Y HE—1
(CEHEL L, BEIBOHZITV, ERMEICEEE MTTE
BEARAEKRICOWTKHRE L. 512, EXEELEE
VG EICBT DiMMEE~OEE LR L, A SNt
LOBMRAEI L. U Lo EERE 2, KFEDHE
WHIZET=EEETo 7.

2. BHEXEFTEFZOME
2.1 IREINIRE Z AU - EE M ET

NEFRE L ABER O R F o Rar 7 ) — Ry
T ONGEFE R TR OF 2 E-1 (1oRT. Ko LB IERE %
BE, TEIIARLZELEENLHAEICEDEEREOWIE 2R
LTWa., EEFHEEFWTNHK 30mYh THY, FHIZ
BIINV METHD. B-1LY, 3EOER b Bt
JET DWTERFRD B, MEENB TV WK R
ANV EDY EEXTA RV T REDar s
— FBEEINTORVIRIEZ /R LTV D . JIEFRE R
L PASEERTTIE, PO TR 72H o IRmT L 91T,
IR E O 723 0 LIRIE A2 & OWRTETLAIRICE VAR D 5
NoD. ZoZehnn, EkERE T S5 MEE K
AL, BENZIREIT a2 ) — b ORRER M &
NTEY, WEBIROE NS JEEM 2 BT % e
ERHD. ZOLHIZ, EREIRE RV E SO
FiEE LT, HGMITEIZ LY EEORBERHL, JE
EREZ BT 2 HERBE 26N, LirL, ZOHE
EEBTA~EAT 500, BT —% &2 250
EREE2ERET DL L LI, BASKME, EXERE, g
GHEB IR T OERSE G S X DR OEE H
BNCHEBET D MR D D, F, W REE O NE FE
WIZRET R ETR ) A ARG END 20, WA
EHEAWFHEICIEE < ORENED .

T TCAFIETE, MEEEEICEGEY — ) = E#H]
(FFT) %M L, WeMREE OS5 % J& B ek~ 25 L
TARIE ALY bW TEHET 2 2 L #RELTW5.
WIEAX7 ML & LT 2 2 LT, RESERICBT

mis

Zlﬂ 25
B (5)

-1 s EE I o)
(BB : 30m’h JIEFH, T B¢ : 30m¥/h PHZE)



2R 72 BB OB AR L 7203 b EEREOE W E
EREMICHETE 5. A& TIX, FFT HTIC X - TH
HNTIRIE AR MVDE— 7 % B RISEIMEE 4 &
EFL, UBEOBRFHCHWS.

2.2 R MEBKLUVEEIZBITHIREILE
ATEICIX, IRBYIEEE D & IR KISEIEE 4r 23R D
FTEIZDOWToR Uiz, —J7, S RIS B 13 m ik 2 &
ERETOIREOWRICE - TRRLEARTZ 0D
MoTED, BHESIE, XU MERT—EREDEX
BRI RAT 72 B E T WEE (LLT, JEEA b L
ZEREFT) &, AMANNIVWESE (LT, BEEWERL
7))
JEEA b LA JONEE TR L 7 SR A&
WC, a7 U — hOEEEEZTETHHDOTHS.
-2 (2, EEA N VAL OEF T L2k
ISBNEE OB &R, RRIGENMEE X, EEA b
AOFNEEL LD b REWEEZRL, HAERKFIZIZZE
OIS XV EEE L 2o Em AR Lic, —J, NEFRERE
REIZIE, EER N R LOEEE & HIZ i)/~
WEZ R LTe, 2, EEMERRIF =27 Y — T
1%, EEA N AEEZBRIBT HEOEEEZZITICNT
LERLTND. Fiz, BEOVHE 18-8-20N & 27-8-20N %
A U4 CTHEZE L72EA, 18-8-20N 0D 5 K25 I FE 1%
27-8-20N (ZHi L TREREEZ R L, BLEDEWIZE -
THRBGEP R D Z W ETE5. LRIy, JERE
AR L AEER L OEEE TR S 5 i KISEIEE I
i, JEXREB L7 U — MEEA OBEWITIE U7
BRBIND ZERRENTWD, KFETIE, B-2 (IR
TEIREER N LR L EERHICKT DIREEEOE
WIZEB L, Zh6 ORKISEMEE & R RN IZTE
ALTWS. ok, AETHVIIHMEEEOEHL LW
EZ IOV TIT 24 itk b

2.3 BAEDHE

BificRLIZLDIT, RUMNEREEZEREA LR
LLTHAT22LT, a2 — FOEEMEITS LT
BESE 2R TE 5. —J, N FEOME, thEE
FOBRBEBITHERKICL > TRRD -, FEL T
JEREA NV ATOEMER—T D22 &LV, £
T — AERE T, BENHEER BT —AICEE ST
WA, [FA—OFMETIEENZRET 2 2 &S H
RGEDRH 5.

T TEHDLIL, BERKCOIPDOLT EDORMGT
EREEEZRS T2 2B E LT, HEBIREAT

DR E Th 2 HAE 2 K FEIHAGDE TS DI,

RAEEZBEE-1 ([T, BRAEE, EERICRRENO 2

Y7 ) — MIHENECRWREO AR END L DI,

a7 Y — FOFWAANLHFREBIZ > TR Y ZFFD

L DIREPGEDEVIZEH LTWD 999 KFE,

73

EE BE o I -7
7.0 T
< 6.0 @& : 18-8-20N i BiA : 27-8-20N
g 50 :
40 i
ﬁEﬂ 3.0 :
2 20 :
B 10 |
0.0 E
A+ E EE AU hE EE
B-2 ~vME (EEA N LRER)
B L OEEI TR U 7o fpe RSB ek B

- o

BEE-1
R EZA L TWD . BEfEONIZE DTIVTIE, EXRA LA
HE LTy MEBLUBRMEEZHWESEIZELOND
REIFERZ R L, WTFNOBREZH WL EIZbIEE
WREICHIS LB ENE oD Z L 2B LT 5.
Tz, MAMEERAWD Z LT, HHOEETEE T Tk
T —ALEERCEHKLa 7 ) — FMEAIZHLTEH, K
FEEHEHTEDZLE2RLTVD.

L7ed-> T, BEAEE, FEETIZHEW TREREITK
FHT, EEA R L RIS T 2@ 230 57
DOWEE E LM EMNT NS, AfE Tk, mmE
B LOZ OO EEE CHRAS LI IRENINEE 2 v T
FLA DFESAENEEMEC R B L R 5.

2.4 KFERIZH T HELMIEE

AT, RS CHM LR RIGEIERE % 474,
EES TR LR RINEINEE S A & 55, iz, &
FOITEN TR B EEEOFMEZE S LT, EEA
b L AERFS K OVEE TR U 7o S RS B I B D 7253
WEERAWDFEZRRZLTND Y. 22T, AN
WEDESEE Adr LT 5.

BEAERFZE 9 Ci, v MERB L OZ0EoBEE TRl L
Je Ady #RAWT, JEH, REER LOHEDERRKELY
B LTS, TOMKE, B2 EEEEY 5 ERE
FIZBNTYH, WatIERT O R KEEMEEDOZEIC LY
JEFH, R&Es L OBZEDEIREE & Rk O BEN TR
i CEBDAREENREIN TS, 2L, EEAX LA
B LOEEDRONFIHNERTHERRER EOFEL
Lo TEBL, EkA L AEIZBWTRATIC
ECDIRBSEZHMHTES27-0EEZbNS.

—J7, AWETIE, BEAEREPIRBSEICRITTRE
ERLMNCTHZEEZBNE LTS, A4 W5



e

*®-1 =

KRIEFERR S ) — XADJEESMF

| FEBRREE FH A
. B | W D o
B | R AT K o zoft
e | o . PRELBERE () | e e 1
(C) B2 B (m)

5), 6), R T H, e RE R H E100m’/h
A 11 ’ ’ 125 9.0 -

7),8) I KH:HIE 775.6MPa

Fi A, B H R 20m/h S .

B 9), 10 19 . ’ ’ 30 10.5 FHHLS I 100A S 246 A L 7=,

), 10 JE % VAR Bl E /74.09MPa L Bt

R 7 H, B RE R H E100m’/h
11 1 ’ ) . _
¢ ) } fe KM H)EF15.6MPa 37 78
D 12) 24 69 10.0 RHDT —/VE(125A— 100A) DA WD 2 TR L 7=,
E* 10 |7 —2 | BT H, fk R HRE165m’/h, 68 10.0 -
- 0 JE % e RIEHJT/18.5MPa 2 10,0 FEp ) — REORVE KM Z, FEI3mT L%y
) IVR—A%RE LT,
XIEB T U — XEB L OF : ARHFZECBIMNERK L 72 5
&, BEERLOEEBICLE L CTHALESESSE 3. RRT—2OHE

BWEND—J, BASKMHICRNL CRsHETcE L
THNIEFHRSICOVTHELI PN D AR D D .
ZTITC, BASEHEIREINE L OBRE ST DI
BRAERBLOEFICBIINEFEERT B2 OND
Ara B XA TR DA & L, H4ETEET S.

IHIZ, HOETIE, MAERIOEEH CIELEE
EWEDRIR DT —H 2N, Ara & Adr DIEEERFE TR
TOHOMEE LW T D, £, BESMEL 44, & OBKR%E
JERSHEEE 2L C P L, PRI SR LT, E0EE
AWDZ & THERREOEEBA M LN D, AR
IR T 2 EEEOMEM B EE T 2 0 2R T 5.

31 PHRFRELILERS ) —XBLVEEFEH

SFTRtE L L= EB L Y — ROE%SE MR- 57T,
FBr Y — X A, B, C, D [FBE{ESCHRN CRoa o 5 & x5
L7z, FEBRUY—XE BLOF 1L, 7—AEECBT
DARFEOHEN LZENE LEEERY Y —X D LIFIE
FIREDEREFMETEMER L2 D THDH. EEFIEE,
FR YV — X A, B, CIFREEFEE, D, E FIT7 —AEET
5. RS E TOAREHIBERERITN 30~125m, FHHIAE
TOKRFHFIEHET 7.8~105m TH Y, KFHEERED
BHIET — /%5 150A—125A O RSB L7-ETH
L. BEX 125A 2V, EBRV U —X B IXRMENS
125A B 1.0m 2/ TLME 100A TH Y, EBRL UV —XD

x-2 FEB L ORRIGEIRE

AN =i 22 [
Qd/a\% Eau @u'EPK’H‘ —~ _ J?Zj(m%
7K (u] ,JEL*Z- E{ﬁ *ﬂ,m,*j— i{i% Oimn\l*i 03mmdﬂ *ﬂﬁrﬁ— z )}D@F{_
CE RN i Y87 o L ST |axns
) ) B e | ERER EHEO | RO | g
(KB ) — X4, - 7 S AR A AV R LR D | g | PR bt | g
ROV
AER S S w/C s/a thg G, w C S G My 0.3 A~ Fg A_M A_m
I %) | (%) | mm) | (%) (kg/m’) (kg/m’) | (kgm') | (kgm') | (sd) | (ms)

A _18-8 67.5 47.2 0.626 60.0 166 246 866 976 577 1677 352 0.49 0.45
A_27-8 53.0 44.3 0.640 60.0 166 314 789 998 630 1637 33.1 0.42 0.45
B 27-8 54.9 47.4 0.609 60.5 162 295 876 994 - - - 0.37 0.21
B 27-8 C+50kg 47.0 46.2 0.609 60.5 162 345 834 994 - - - 0.29 0.16
B 27-8 C-50kg 66.1 48.5 0.609 60.5 162 245 915 994 - - - 0.35 0.26
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F 21-18 63.5 48.2 0.585 60.4 179 282 863 951 694 1581 38.1 0.25 0.18
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CONTROLLED BY SLUMP FLOW AND ITS APPLICATION TO AN
ACTUAL CONSTRUCTION PROJECT

Yoshihiro MIYATA Hideyuki KAJITA
Masashi FUNAHASHI Kosuke MINAMI
Toshihiro KUTSUMI Yuki MIYAZAWA

Synopsis:

Due to the shortage of skilled construction workers, highly flowable concrete is expected to improve
productivity in concrete construction. This study developed a rational mix design method for ordinary concrete
controlled by slump flow based on the excess paste film thickness theory and validated it through laboratory and
plant trials. Full-scale construction experiments and field application confirmed the required performance and
improved efficiency of placing, consolidation, and leveling operations.
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STUDY ON ACCOMMODATING CROSS SLOPES FOR THE PRACTICAL
APPLICATION OF THE DECK SLAB JOINT TECHNOLOGY “ESCON TP JOINT” IN
ACTUAL STRUCTURES

Takahiro HARIGAI Takashi KUBOTA
Toshiaki KADONAGA Sora KITAGAWA
Tatsuya KAWAGUCHI

Synopsis:

A study was conducted on construction methods for the joint-filling material (VFC) used in the ESCON TP
Joint, a slab connection technology developed to enhance the productivity of precast prestressed concrete (PC)
deck replacement works. To enable application to actual bridge structures with transverse gradients, a cover-
formwork method was proposed to prevent runoff of the highly flowable VFC and was validated through
construction tests. The study also established practical criteria for finishing operations based on penetration
resistance and surface quality, and examined methods for estimating formwork removal timing under varying
temperatures and accelerator dosages. The results confirmed that the proposed method achieved satisfactory surface
quality on gradients of up to 4%, and full-scale tests demonstrated its practical applicability and constructability.
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CASE STUDY ON THE USE OF "AtlasX" ADVANCED QUALITY CONTROL DATA
FOR PERFORMANCE VERIFICATION

Masafumi HIRATA Yudai OHTSUKA
Takeshi ISHIGURO Hiroshi TSUDA

Synopsis:

"AtlasX," a system currently under development by the authors, primarily utilizes the vibration roller acceleration
response method (a-system) for measurement while also incorporating ground property measurements via self-
propelled RI robots and settlement measurements using laser scanners; the resulting data is stored and processed
in the cloud. While the spatial data acquired by this system is currently used for advanced quality control in on-site
earthworks, the authors aim to expand its application in the future to include performance-based design and
verification. To achieve this, it is essential to integrate the high-level quality control data obtained via "AtlasX"
with numerical ground analysis and DPP (Data Processing Platform) technologies. Therefore, this study
investigated methods for converting the various data acquired by "AtlasX" into parameters required for numerical
analysis, as well as methods for integrating the system with numerical analysis technologies. This report presents
the findings of that study.
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DEVELOPMENT OF A PAVEMENT MAINTENANCE PLANNING SIMULATION
PROGRAM BASED ON DETERIORATION PREDICTION

Taku MATSUBAYASHI Kazuya AOKI
Naoto SAKITA Kiyoyuki KAITO

Synopsis:

This study developed a Deterioration Prediction-Based pavement maintenance planning simulation program in
response to the growing need for efficient and strategic infrastructure management under population decline and
fiscal constraints. Developed using Python, the program employs a Markov deterioration hazard model and
Monte Carlo simulation to predict future pavement deterioration and evaluate maintenance costs and service
levels. Two models were implemented: a generic municipal model and a toll-road model incorporating
performance indicators and decision-making processes used in practice. Sensitivity analyses were conducted by
varying maintenance budget levels and deterioration rates to examine the program's applicability to budget
planning, service level management, and maintenance strategy evaluation. The results confirmed theoretically
consistent trends, with pavement conditions improving as maintenance budgets increased and deteriorating as
deterioration rates increased.
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ANALYTICAL EVALUATION OF FATIGUE DURABILITY IN CORRODED RC
SLABS OF SKEWED PLATE GIRDER BRIDGES

Jie FANG Taiju YONEDA
Yuya TAKAHASHI Tetsuya ISHIDA

Skewed plate girder bridge with RC slabs are vulnerable to corrosion damage and fatigue deterioration induced by
eccentric wheel loading. In this study, an analytical investigation was conducted to evaluate the fatigue performance of
RC bridge slabs subjected to wheel loading under various skew angles and reinforcement-corrosion conditions. The
analytical results showed that reinforcement corrosion caused the development of horizontal cracks within the slab,
while increasing corrosion levels significantly increased slab deflection and strain concentration near the slab edges,
leading to a substantial reduction in the remaining fatigue life. In addition, slabs with smaller skew angles exhibited
more severe corrosion-induced cracking and a more pronounced decrease in fatigue life. The findings contribute to the
identification of critical locations requiring priority repair or strengthening and provide a quantitative basis for
assessing the remaining fatigue life of deteriorated RC bridge slabs.
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THE RELATIONSHIP BETWEEN INTERIOR CONSTRUCTION SPECIFICATIONS AND
SOUND INSULATION PERFORMANCE IN APARTMENT BUILDINGS

Katsumi FUJIHASHI

Synopsis:

Our company has established its own design standards for sound insulation performance with the aim of
improving employee productivity in the design and construction of high-rise reinforced concrete apartment
buildings, ensuring quality and meeting construction schedules, and preventing lost profits.

Here, we report on two case studies in which we experimentally verified interior construction specifications
and sound insulation performance.

First, regarding the sound insulation performance of partition walls within individual units of apartment
buildings, we report the results of an experimental study examining the effect of gap sealing methods for pipes
penetrating the ceiling panels on the sound insulation performance between rooms.

Second, we report the results of an experimental verification of the sound insulation performance of dry-type
double-wall partition walls—which have become more common with the rise of high-rise apartment buildings—
focusing on sound insulation losses due to resonance transmission when both sides of the partition wall are finished
with cavity walls, as well as methods for remediation.

¥ 1AKE ICIHRAEEVZ—

126



1. FLBHIC

W TIE, EBRCEASEEORR « ETICB T 2HE
ApEMEE B L, SBE - THERE L CRRFIREE IR
THIEEFAEME LT, EEMREICET 2 St A o
FHEREA G L TWA. 22T, YA OREHEYE
ZBINT 272012, NETEOMER & HEEFMHERIZONT
%%%K@ﬁbt:o@%%%ﬁ%?ém\

—2RIZ, £AEEOR —-EFNORME) Y BED R
ﬁ%m%bf,%ﬁ@@%@fﬁ%@f~P%EL#é
B O Bt [ ALER 5 3 3 SR ) 0SB AR 12 I E
WTCEBRINCHRGE LR 2 ST 5.

ZoRIK, £AEEFEOEBIICIHEVEZ CE T
HEED FBEDWEFMHEREICBA L C, REEOWE % 50> LEE
T RS L it %@ﬂ X BT RIE & SIEF I

DWTEBRIICHFE LR 2 ®mET 5

"R/ o k_-’)

2. A—EFADORELYIYEDES14RE
HEEBOFEITNICHMAE 0 B2 T3 5854, Wt
Y1 BEDHE TP/ E VW & =M OMEFHEREDBIFRICH
WTERA RRGEDR 72 ST & 72 DA EERNE DO & DI
KIEEZRBET MU ERTORERDH Y, ML LT
BEEI D BED FHIM 2 R EECTHLI L, KIFEIZLAR
— RZ2ELHEENHD. 22 TlE, MY BED K HE
WZHA— K %%Eéii;—%ﬂ:)—(#%@f— K& BT 5 EE
O BRI ALER 7 1 S BB R O M BRI R AE T B D T
%ﬁ%m@ﬂbt%%%¢bk,H*EFW@%%@@
THREIC OV TE LN AR EZRET 5 3.

2.1 EEREME
UHBRAET D RC & THRER 20 nf, KHFmS 3m @
T FERRE [ O NICF—EFTNOBREE ML L7z,
EBREOVHEHX ZR-1, MU0 EDHEEZR-2, K
HEDOR— FOBLE EBH Ot AZR-3 12
S OMAY Y BEITR AT TIA Tl L, MYk
O TFTHBIIRHAEE T T L7z, A-C EMIFfEYERE, &
I, HEFEET O IFMHEAMAHZ, B-C HEMITIEHERE
DOFHE LTz, RHEOR— FOEE & @5 O BRI L 5

BEBE-1, ®-1 187, KRFEOFHFIFLUTOLEY.

ARALFGNE T B $100 OHEIBIC L DM EZEEL, [F
Cilifi & 722 & 9K —Fi
- MOV BED AR — R, FRUERE L EEILIE C B[ D
LA, HEEBETIX CE|MNS 28, GWITTXTARL.
- ZEL LT, MO0 BECAR — RRRWSMA T EB.

k-1 Bl EOmE oo B AL B T 5

SLEE 5 1 NE

BRI L | MR LB 7 IS5 5 IR HE

BNk BRI OME 12.5mm, £ 353mm, 8= 2 HFr
GW & BRIEINC 2T A7 — )L (GW) % FE 32K % JEHiah
T—7EY | BREIZES 0.06mm OT AT —T7 % i ED

127

TNEIRT.

(B 2T 72 (555 2 20T .

- MtV E 0 HFREEGE)
=== RHFARIZR—FERY ® FRAME (RES)
[0 ==K BIRE R

5,000

1.8m cE 0.9m
(W3,033 X D2,119 X H2,380)

X-1 FREBR= 1 OFEX

AE AE
GB-R(9.5) GB-R(9.5)[[ GB-R(9.5) [
[ csaoas@sos | | 5 [ & Swezeol | | e
GB-R(9.5) GB-R(9.5+9.51— GB-R(9.5) (||
cE CE
FEHERE HEERE T (HIE) HRETL (W)

-2 ML) Y EEDER (FmX)

BiE7le125 EEP100
\

o

LGSK 3 Tith(4s) BEOEE RS E2EDbE
| ##H+ — FeB-R(9.5) | ﬁffgﬂ;f Eg;s;f,f,ﬁ GB-R(9.5)
S P —_
64
SE X Wi ]

W G 8 (R =)
FE-1 iEHE

77k Y ()
ERORRRALEE ST 14



KRG 2 R-2, ERREFE-2 1277

HREOWEFTPEREOHE 1T JIS A 1417:2000 (CHEMLL, F 70 ‘ ‘

= A & B, ZH=ECOEMNIIHHEIZEI (172K 1 0.6 | —o-iZgeEE

~1.8m @ 5 BES (H-1, B EIX 3 AES) THEELAN — R ]

JVEHIE L CRBFE LUV ER R 2. 60 " ——mEmI Df-5°|
T2, ARL BEORHAEOELEI Y BENS 0.7m HE L Dr-45

TRELEAY =D =D REYORHETIEL L7257
HEaEAEL, ZEEC TEEL-LERIE L.

7B, 4hFibsE (B-1) 3T X TRAHADIRET
WEL, BOT X —Hy hH T THR— RTEWNE.

o
=)
o
T

B
S)

EMEELALE (dB)
5
}
=
8

®-2 FEBRITH W S

s A—H—IH% (i %) 30 ﬁ
KBRS E | RION/NA-28 (1 & TR EHHIE)
5 —4La—4 | RION/DA-21 (ZE W) O &% 5 & UL %) /
155 %45 | NTI/MR-PRO (Pink Noise) 20

T CROWN/XLS2502
ONO SOKKI/SJ-1810 (& I E A, 12 k)
SONY/SRS-XE300 (R {5 &5, KAFHEIcE) 10

AL —J1—

125 250 500 1k 2k 4k
FH5—T IRl B E K (Hz)
H-4 EMETE L~V EOHERBR (LK)
(A—»C=E KHFE:KR—FKbbv, MR L)

70 \ \ \
| ——imgrE-Cc)
=O= IZHEE(A—CE)
60 Dr-50
|
Dr-45
& |
S 50 Dr-40
H \o '
iy 7 Dr-35
< / !
7 0 N Dr-30
-551‘ 2 ~ N
o2
b { 7
30 /4 ~
7 fei
Q /
20 -
/
/.
10 T

125 250 500 @tk 2k 4k
7].79_7“/(‘/}43![,\,%1&%{('"2)

-5 SEEFE LV LEOHERR (1)

BHE-2 EMEE L-LEDRIERD

2.0 =R (B—»C= XHE . KR—FKbbv, BKMZRL)
(1) EEMBEELANILE
®-2 CRL-REEIEEDAEIZ LT, -1 TRU-IR X-4 T A—C B OEFEEO L) B IAEYERE |2 55k L C 500

MALFITEO MR RAEL T, A% (ST »C o (i), ~IKHZ AT 2~6dB O TI Y, JBHE (Fmich
BoC BOEMETEL~LEDLYE (KR R—Rhy, i — PR L0 bEEEL (PRI GWIFA) OB A

f72L) #B&-4, B-5 IZZ IR T ol

128



7235, 250Hz #igk Tl T EEEOHBHRIC L D HiA
HBELCTEY, HWECERFOHRE /NI,

X-5 T B—C ROEUERED LT MREITZE K F DIk
B EICHDIMOZNE T, A—>C BEHOEHEEEL Y L 7~
12dB @ VESTERENE SN TV 5.

WIT, F&-1 TR L7 EE B oo B LB J5 ik o 2h 1
ZE-4, B-5 TRLIEEME RAE : A—RbY, KWH
72 L) 2t SR D2 TR-6~K-9 1T

®-6 T A E—C BOEMEREL, RHAEDOR— FOELE

HIEE O 2 2803 72 < THHEFMRRITE T L Tunzan.,

IHIZ, RAEOFR—FZ2LTHLEFMHEIFET LT
720 (%42 0.5dB LIN D7)

®-7 TA=ZE-CEOEFEENT, KHFEOR—RAELT
BEERIC 1dB W ERRIR T A b DAY, RAICITE
YERE L AEROFER &0 2. 5.

-8 T A ECEOEFENL, FEREMIZE > T 1dB
DIRNTEITATTHWDR, BRIEAARKEWDIZEMEEIERTL
TWAIRTIE e, EFEEOHRIFEANE AL TEINE
EZzbNb.

®-9 T B E—C EOIEHEREY, KAEOKR— FORE
EOE OB G EIC X D8V 1dB DINTZ, Rt
HOR— K722 LIE 250~1kHz #718 T 1~3dB OPERER T A3
Hoid.

UbkobBY, KEBRCTIERE—FEFNOEBOUES M
REIC T L CRIFHE DR — K OfE BB o bR AR TR
TWC, ZERE OB EIZIN A 72 W) Y BElz o
WTIHERHAEDOR— FHEARELE W) FERME LN,

4 T T T T T T
L —o=R—K#HY (BERIGW)
— 'Od?ml;w'[f” """"" ——=R—RHY RET—F)
g 2 —=R—RHY (BEHY)
= | e RFEA—FHL
ey
gg 0 *&?A%@i
]
fn _o
1)
-4
125 250 \500 1k 2k 4k
FH8—T N RN RS (H2)
X -6 WHEMEREDE (AR—->CHE  fEUkREE)
4 ‘ \ | o= R—R Y (RIGW)
—K—EdHL R— 3
_ OB ek ksoaamr—) |
g 2 ——R—RHY (ERHY)
=~ e RHFE AL
i
S o
by
i
I _>
9
-4
125 250 500 1k 2k 4k
FH8—T NURGILE R (Hz)
K-7 HEEMEREDE (AR->C=E HFEE])

129

4 - T T T T T
| 0dB=AR—KHY == R—RHY BET—F)
%‘ 2 (BRRE%L) == R—RHY (IERHY) B
= | — RHEAR—FLL
%0
I?_-I """ Ay
L _2
.;gé!
-4
125 250 500 1k 2k 4k
FHB—TINURRILBER$(H2)
K-8 EHEMEREDZE (AE—-CE EFEEND)
4 - T T T T T
| 0dB=AR—KHY == R—RHY GET—F)
%‘ 2 (BRRE%L) == R—RHY (IERHY) B
= —— R R—FLL
S o \
o _p \\ (/
.;gé!
-4
125 250 500 1k 2k 4k
FHB—T NV R BER$(H2)
-9 EFMEREDZE (BE—C=E  JEYERE)

() ENFZERES

RITITERE S AL 7R ik O BRI R R & #R
L CBEEMNIERT 2BFICHOWT, RIFEEOR— KD
B B B O BREALER 1 X 2 BRI 3R & MR L 7.
FT, EEVOWEORHEIH HIREEEHEOMIC
BREF T —#La—FERiE LT, BEREORY
DR & 72 DR (o iRiERs) TUNER L7,
Wiz, B-1LITR LTI L D ICEBR=ED AE L B=EOXRHF
BOTFTH LIS 7 AT — L EENE BICAE— I — &%
BLTC, kLR EOFEE VLS EEY L L7 fH
ERDEDICHEBE L TAY = —bRR G 24 &8
T, CEDOSHERTENTIELIVEHE L.

T L EREORFEONERN LW ERE R 2BE-
3 LX-10, A —D—% A=, BEORHFEIIHELL
LEDOCEOBEFNE/MEOKELR-11ICENERT.

AEEIRN

3]

FEY) ES e

BE-3 RHAEOBR i O EHR S O E RN



K-10 TEEMOFE LT b < E TIREGEKRO—
EHTHY, AC—H—OLRESELIREBETEEEY
BRI A bE D LTV EE 2, AEKRI & o
FETIHHITOLT, ARMESEL~L (Bi#ho A) BFEI%EE 72
LRI L.

90 1 1 1 1 1 1
=O=3REBY) (RHZE. #{#10.3m)
80 \ —=AE (RHZE, RAE—H—H503m) |
N NN
s | &\\
60
S
< 0 m@ N-60
Y 1
H g, \ N-55
Hm 1
N N-50
1
20 D\ N-45
1
% \ N-40
1
30 N N-35
20

A 63 125 250 500 1k 2k 4k
F 55— 1R B S(Hz)
K-10 KHAEOBENERLL (&Y & FEH=)

K-11 T A—C %, B—C BOHFEL~VLT A Bt T
UL 25dB fiif & RIS, AR ERE bR L - etk
Thotz., ERFILEEY LY LEFRT /NS WD
WRGIBEORBREIL C BT 2720, EEMTHE
WS OELET I A LH I 2 hnEEIOND.

WIZ, F+-1 T L72FRE BdEE OB LI A 1O R
ZE-11 TR L7 EEICRT 2 EE L~V ETR-12, K-
13 (TR 7.

X-12, K-13 TA—C =, B—C=EL bz, BEE@EI
ICBRELEE (GWEE®D, T—73RY) ZiitidFEL L
IZIZIEE D LRWA, BREH Y & A — R72 LIk 500Hz
1T 4~11dB, A FMEEEL LT 2~6dB K& < 2->T
B, BRELHEZ S 220 & EREY T LI RO E
HEEIIE 2 25A0boEEZ6N5.

PUborBy, RERTIIRIFEICHE IR
PROEHRRFIC R IF 2R H L CH=ENIC T 255
*LT, RFHFEOR— ROFEEBHORFELEE (GW &
W, T—7RY) IXEE VI ERBIE L.

TR TIE, BRAEHERROEBERRCRAET DR TO R
SRBMEORAME, SOITITENOHETORE S
EELT, MEAHEOESRZHEST D &Il 5.

o8, EEEBEBSORE~D GW FEdiE, ZoOkiTiz
Lo THRE LR — FORUY ZERTE 5720, Rk
ERDIEE N EE 2B L CENOMILE Y BEE CEML
THRATHEFRERETOM R BIFNRTND. LEERsT,
Bl B OMAEEZ RE L 5255, EELFR—F
B SNTWDZ LR T HIUNERDD.

70 T T
=O0=A—CE
—=B—CE

60 ——EERE

a1
o

p>
7
7

)
=
=
< T N-40
3 \$\3§ | '
(@) [ ——————_N-30
A N .
\ ————— N-25

20 \

N& — N2
\ 1

——=& N-15

10 K 3 e
0
A 63 125 250 500 1k 2k 4k
FHB—=T Nl E RS (H2)
®-11 =BT OMIER S (K1)
(RAE . R—Fbbv, BRMZRL)
2 ‘ ‘ —o=R—FHY (F—TEY)
0dB=rR—F#&HY N T
_ ok BT | KR HY (GWI )
3 (B ——R—KdY (BHBY)
~ 15 KHE R—FEL
ﬂg 10 ‘ ‘
g |
i 5
o
-5

A 63 125 250 500 1k 2k 4k
F 93— IR EE#(Hz)

®-12 ENFETELLE (AE—>CH)

25 ; ; T " " r
=HR—K —o=HR—KFHY (F—TEL,

—~ 20 Od(Bl;ﬁ-I;ﬁf!L?U B -A-d-i—lf%dgwﬁfaﬁ)))
s me —=R—F &Y (ERIHY)
~15 RHE AR—FHL
g -
«,< J
i 0%%%

A 63 125 250 500 1k 2k 4k
FO8—T N RRIL R R #(H2)

®-13 ENEELVULE (BE-CE)

130



3. EX_EEBOREBOESHAE

i TIEEAFEEO S E LI VL T ERE O FUEE
(BAF, #zEE) Az Tk, mABEOWEE 50 L
BECH BT 5 2 TE 72, mRBEIC K DB O
HHEREOFEM & Dr Hud —EEEDO SLHEIEIRIC L o TERE
(T 125Hz HHR) CTHRE LT,
EHIT, S UBEAKGKFE Tt
BEL S LEEOMARIINER L 7220, KT LIEE
WOXMRITEE L 2D 29, 22 ClE, #EBEOWEZ 5
NUBECH: B2 L 2 odiFEiRic L2 S KRB EZD
UE T ENT DU T FEBRAYICIREE L 7= R 2 595 ©).

LY <, il

3.1 EBHE

BHBRA T 5 RC ECHREFE 20 nf, KIFEE 3.06m
DOFUERREN ORI RBEOELSEE O LA Tl
DJEEL L L. EBREOVHKAZR-14, #AHE L 5
2y LBEDMRR (YY) #E-15, B-16 2 TR
T.ORIZ, S0 LBEOWEMAREZ R-3 1T T 03, EiEy
TOEE KIB~OFEEBEL, S0 LEOWEIXZH

EOHTRER S TE RV MERR L LT,
BEREZ 13500 LREZ Sz BEIC[EET 2B T, BIRE,
ZHEELBICTHHMOR | 1.2m fFEcE L L7z, Nk

] gseE (r57-235T/) oI

0 AMLE (CER-ZEXRHM) | | BEX-EK
8 @A (R ® =RuE
@ AEA (B

RC Svh LB ERIMEEIEEE R S5 T-R 5 T/

|

= S
(GB-Rt9.57%F5%)

FiRE o
W3,005><D2,165><H2,500 K ¥

8 = B (FL+150) R
ZEXRH(SQTH) %

=]

OR3
12m

smLEEto. |

a8 pi)

_OR2

o

_ ﬁﬁﬁ(ﬁ&) t136

e Tr g

SMUEE 170

3B 1119

fu]

E LR ELE
910

B TFW650, X EER
RCE#[ZGW32K(50 (605><910) & 3Bk s

.OR3

) R4
12m

gEm p
W3,095><D1,850H2500 . g
¥ ZFR (FL+150) #
ZEXRHF(SQ. Gwzmso;a&) R1
0.6m
@] RS

1.8m 09m §

10 i 10

-t EEt65

EETFW650. EX - EER
RCE[ZGW32Kt50 (605> 910) 2 fil

i I T

o
(GB-Rt9.57% %)

SIPLEBEDO R — FOREO FHM ORICHE S EM TH 5.

&#Lﬁwﬁﬁﬁﬁwmiﬁméﬁﬁ4:%#.
HMEREILRIE & [F) U 5B CHIE L,
%Eifme%%(fLam¢mnﬁ2%m)@ [T
LoOLaifi 2 E L, IREROBEAE— FHiiE L.
WIZ, ZHEEOREE 1.2m T LEOSRPRAFHTOR

— F (& 910mm) O FHbF O () & FHkro b (&)

®7wmm(@10¢%@m@FV~w%met 5
7> LBEDIRENAIE I AWV T 2 -4 1R T

@%,ﬁ%%% THEALL, TARFEBRE L CHImERIC
Ko THEPEZ L= DA OEREE L.

&-3 S0 LEEO & Ak

—PBITIED 5 A3,

WIE STk (ARES

T HUR & REEE DR 115 12
RV (EEE T L VT — B)ERA
R (F IR Y =F L 2)[0100t20 A 1 A

B PR 2

TFHIA & FHIM OB OR— Ric
- AEAR— K 112.5(8.3kg/m?) & A > K THYE
SIEF L — b tL.2x2(4.0kg/imA) % & v T — THIR

Pk

FHES & R A DR D 22K I

/&3 - 75 27— L GW32Kt40 % i A

75 Z 7 —)L GW32Kt25 & #fA

IR BERE X, NOR, TERL)

F-4 50 LEEOEEPE I H VTR

B4 A—H—IA% (H5)
BT ER | RIONINA-28 (27 —T S REAHT)
EE Y — |RION/PV-86 (~ 7 % v b THE)
F¥—V7> 7 |RION UV-16 (EEHIEE % H )

B-14 FHFEREE T 00 Vi X
Lo 119
BEAEA—FO5—
BIERER—FRL
@[ e
CERAYFEs  MIERFR—Ft125 lﬁﬁ

B-15 sBEDMAR CFE )

iz R
(H=125m) 7 n0o0-wi [ TIRIN

L d - T
I Q045 b . 4045
e ]
— 1

o

Tt J | 228 A—FAR
1 303 |
K-16 52> LEEOEEE CFHEX)

Tt DALE

iR (SaA)

| THHOuE

Mk (BEKR—
U BEDSEARR O i TAR DL

BEZ (RREM
BE-4 5501

I*JS'E (EF>— b+

131

5,000




3.2 ERHER

FiFERE LT, £ & 2,500mm, fg 303mm OR— KD
N HIA O A B3 RF LT RC RS 156mm EENE T,
SO LUBED FTHIM O D 1 2043 Z i T LT,

ARSNUEEZ RS I L2 & & OFES 100N 48T 7
L, ABRE g (BEREZ OFE LALE) 1S4 P i TR
BOIZE T L7 & & DBEMER & =B OBfRER-17 1R

SN LBED T DHITREYEZ IZ X > T Imm Bz &
NTHEY, FAMITEEM L0 HEEIV D & AR L.

Fiar (RT)

EEHIEA)
4 T T
—o-BHER L A
3| wmpx sma O,ﬂ
E —— B2 EEH
g 2
<
~ 1 /)'/ ‘\r}?w
[
| e
0
0 20 40 60 80 100 120
FTE(N)

X-17 57 LB OBERE 2 L 7= b D %

) EEBELANILE

AEOETB L NEDOmE % 50 LE T RS L
EOEMEE LNV EEZE-18 ITRT.

S UEBER i T 5 L BEPEX OF ML 57 125Hz #F
WTEHmEY b 7~8dB MK T L, =HEOHEFHERED
FEAMi & Dr %t Dr-52 7» 5 Dr-44~45 £ T T L 7=.

Wi, BRI OBEYE 2 1(337aM & LT, ZEHEMD5H
LEERR-3 O TUIE LT & & OEMFTE L ~ULE
OB ER-19, AR (BEFEX, NIR, RERL) I
KT HLERD Dr DU EREZR-5 IZZNEIRT.

WAEH 1T 125Hz B CREEZ IC L DWW E L TR,
NI EWFICE > THEHE (S0 LEER L) [TIEWERE
15D\ TITHEPE X AR T DMENDH D, NIRRT
DAFRIZ L D Dr HoOBEN R DT 1dB INTH - 7-.

®-5 ZHMSN LEOSKELLR L Dr O SE R

PR 2L AER— k25| SR b
11.2x2
G:,J\é/;é;K 7Rl | t40 | t25 |72 L | t40 | t25 |72 L | t40 | t25
BE L] 0 +3 | +4 | +2 | 45 - +1 | +5 -
Pel ¥ | 0 +2 - 0 +1 - +1 +2 -
x KR | 0 +3 | +3 | 42 | 45 | +4 | +2 | +4 | +4

-0dB=EUE(L AR (BERER, IR, W& 7aL)
-Dr BOPE WL T 125Hz #, - 137 —F7AL
cERAR D S UREIREZE Z S8V kE, NIEZRL, WL

90 T [ [
=O=F%m
- Z L
80 | —o—EEiEx SeiaMt Dr-70
BT EEH Dr-65
70 Dr-60
% Dr—5.5
w 60 Dr-50
2 D 4.5
< /
B 50 Dr-40
Hm
Iz
i 40

8
N
X

]
20
10
63 125 250 500 1k 2k 4k
FH8—T IRl R #(Hz)
X-18 EREFE L ~UL#E (SIERT)
90 [ [ [
=O=3ME
=BTz L
80 [~ —o—EE{EZ HKAHM Dr-70
| O-EHEZ BEM Dr-65
70 Dr-60
) Dr-55
60 Dr-50
4 p or-ds
s /| '
m 50 Dr-40
Hm
i
i 40
30 / M3& GB-Rt12.5
& GW32Kt40
20 —%I
10
63 125 250 500 1k 2k 4k
FH92—T IRl EE #(Hz)
®-19 ERTELLE CZENRER)
nEB, TEENOFLE L0 (B-20) 1% 63~

125Hz IR CEAE— FRBHE ThH 7=, FEL L
DA TIE LTz 245 ML EREE LV ZEZRE LT 5
BOTFNAX—FHD3EE 0.3dB L/ &<, 5 FEE
VAL BT HRESE L THY THoT-.

132



BER X SR m60-65
MR T R—Kt125 "65-70
TR GW32K 40 70-75
= 75-80
% 80
< 75
< 70
A D...
H 65
tlm 60 D
wi 1.850mm
3,095mm we Lo
(a) 63Hz #Hink
BERZ S0 H m50-55
MEEETR—Kt125 = 55-60
1% E GW32Kt40 60-65
" 65-70
o 70
el
< 65
< 60
A
H 55
[in}
H 50
Wi

3.095mm W6

(b) 125Hz #51
X-20 ZERNOFE L~ILo5Ai

Q) EEMERELANIL

S UEBED I FR N A U7z 125Hz #5215 B
ZEWE, WEOERICOWT, EFEMEE Y A4 X
TEHEEME L 72 & & oz ORI ERILE TE-5,
ZEMOFHE (S LEER L) ITRT 250 LEEDOHEE)
IEE L ~L#EE2R-21, K-22 ICZFNEhoRT.

T, LY
BE-5 RENINEE L~ Lo JlEkin

®-21 D@ TR LTI THIs o (18) & FHiks
D F (fi) T5~10dB BED L~LERAETTEY, (b)
TRHEIZL > TED L LENFEFI S h, BEPEZ OfEAR
WL B TIRBIR B E LTV D,

®-22 D@ THEHR— FNRIFELHiO L~ L% X
DIEFIL, (D) THEEY— MIEEAICL~LE T 5%
ERBEONTWDED, ik OBEREX TIXEN L ORNE
DESIIZL L 2o TS,

Ny
o

0dB = & HE ~O-EEEZ 5L
—=EHEZ FiAM
——EEEZ REM

[N
[&)]

[N
o

REIEEL A JLZE(DB)
o (6)]

o
-5
-10
®oE & B & B &
AESE
(@ WE7L
20

0dB = &HE ~O-BEEZ 5L
——EHEZ FiaM
——EEEZ REM

[N
[&)]

[N
o

REIEEL A JLZE(DB)
(I)'I o (6)]

I
[N
o

BIE BB
(b)y EHY
®-21 5> LEE & R & OIREINEE L ~LzE
(125Hz #lk, WIE7Z L)

8]
o

o 0dB = 3&H -O-BREZ L
T 15 ——BEER FAM
W —— B Z BEM
= 10
,,3
R
iEJ 0 -~
& %
2 -

-10

il i) il i) il i) il
BIERAE
(@) AER— FHNIE

20
& 0dB = £& —O-BHMEZ KL
z 15 ——BPEZ RiaH
B ——BEEZ BEM
2 10
K¢
N 5
N AN A
oo ~ \A/
=
& 5 Aﬂ
1

-10

i} g i) ) i) ) i)
BIE S E
(b) WEF T — FNEE
®-22 57> LEE L R & OREINEE L ~LzE
(125Hz ik, WEHH V)



WIZ, ZHO S0 UBEOFEREMR: (BEEZ, PR,
W72 L) 3 2 SUEAR OIRBI I L~ L 28 & 5
NEE L~V ZORG % B-23 12777,

X-23 O (a) CHIDIRENIBEZE 2 OARIC L HFFE L
OFHED L, (0) TIEOIRENIBERE X DALER DS FILM D
AT ELEORENR L < 2.

Lo T, WIERHFIZL > THOIREZ2MZ 5 &
SZHEBEOFTILICHT 2 OBBOEENRKELL 2D, F
TR ITRRER L 0 DEOEER K&V ((Fhkf & Ll
W) 728, NEERIRTEIC L A FEORBRN R A DL
L B EBL2BND.

5 ‘ ‘
0dB = = ABEEERZ A
@ B OBHEZ IREM
#
20 Sty
A ﬁ%’
H B
Hm %o A
_5 % Q&
-15 -10 -5 0 5
RENIEEL RILE(B)
(@) FHisro L () O
° ‘ ABHER : B0
0dB = #&3 BYrA T
g Rt OBEPEZ IEEM
#
N % .......... .A..-ﬁ-.:j:.'; ....................
H "
L I o8
ol @
-5
-15 -10 -5 0 5
RENMMEEL NJLE(DB)

(b) FHIBF O (JE) Dy
®-23 Z 50 5h LBEDIRE) & ENEEOHR
(125Hz #5%)

Plolky, @mEEL2 S0 LETHE LT EXICE
U % 125Hz 8 O KIBIZOWT, EBEW TOMIGE
FE U725 FA T OREHERIZ OV THREE L 2.
TORER, RERTITZEMO S0 UBEDORBEPE 2 1ZTH%
B ERWTHNREWE LTS Z LT, S0 LEBEDD
HEMZILD B REEOFZRE TV IEFTIEREE SO iz,

4. £&EH

HEFVEREICBI Y 2 MM O R EFHERE B 5 2o
T, WA E OBRFHEREL BT 701, NETHED
R & B PEREIZ DWW CTEBRMICIHRGE L 7o Z 2O FF &
W L.

—o R, £EEEOR—(EFNORLY) Y BEDHEE
PERRICEA L C, BLEIVBEDRIFEDOR— RE2EET 5

-
—>

134

BL A2 0D B AL 07 V6 A3 SR 5 oD ME S5 PERE I2 M T 3z »
VN T EBRIITHRGEE L 7=,

ZORER, F—EFNOEMOBEFEREICS L TR
HEOR— FOREE B@BORMAEIZIRET, &FOLBEH
R EACIN S 7 W REEE) 0 BEIZ DWW TIE R AR DO AR —
RHAREE WS FERNE LN,

—J7, RIBICHRE S NI- RGO ERGIC K E
M L CHENICERT 2 3 R T s LT, KA
EOR— FORE BB ORMAE (GWED, 77— 7k
D) ITAEHEVIFERIE L.

ZoRIL, £EEEORBIRICHEVEE X TE AT
HEED FUBE (GLzURE) OIEFMEREICB L C, SREBED
S UEBECH BT & & o RF o g Gz L 5
BFRB L REY COMIGEBE LIS CoBIETIE
2D\ T EBRAIZHRGE L 7-.

TORER, MmABEESMHLETHE LT REXIZELD
125Hz IR 0 FLIEIRIC K HHEE RIBIZOWT, S5 LEE
DBEVEZ \ZFEE M 2 H O THNIEEWE 2T 2 & T, 5
2 UBED 7= R Z A 2 70 A3 B i 2UBE O SR RN IE O P
BEEBDLZENTE.

B, WREBEOMEFPEREIC DWW TIE, S LEED g
BRI OE T KENME L 2555055, KRERT
HELRBEOWRE T K7V » U2 &> T 1kHz #ikLL
ECHEEE RENAE U, RFEBRO B I KE KO K
FRIC X D EFREBOKEHFIEORKRIETH YD, S LEE
IR THEENEERBTHEH o7 b, E-18,
®-19 oizRE () OMEFMEREICH T 1kHz H#k L,
T U7 RARITR LT,

SE 3

1) EEAETT, BMEE AETNEEMOESEET
BB A — KIS X A MG O ZE—, |
ARG F RPN IS, pp.245-246, 2012.9
A, S T N OIEE O ERE IS B 1
2 AR o BT D EBR, BARELEESKRS
EATEAAEAE, pp.295-296, 2023.9

BERETLC - Bl - &7 NEEH A T RIS
e (B R EREABE O, S No.214,
pp.55-58, 2026.6

AR, WABR, WHE - T ERE S
BBotkE (U 7+ —2) HEOBRG B ARREERK
AN, pp.157-158, 2004.8

AL« S HBE ORI IESEIR JE B O HEE, B AR
FL R RS, pp.413-414, 2022.9
BB C : BoaN T EEED 50 LEEIC K 2 RIEIC
BT 2 MEt, HARREFD R FTHEEEMAE,
pp.249-250, 2026.9

(—#h) ABVEE TR o % —  NITE ik 13-
14 R NBRFEEHIT — % 07 — &2 ~X— 2, 2018.7

B2 9
I

3)

4)

5)

6)

7



AT A4 VOL. 61. 2026

SRREERTRRE LRX2EZER AT LA
DEREFICH T 5 51

& b R A e o R
A HOfE I S A

= =]

ELEFEETELT IR HEHROKRTAT TIETEEN D EF R CHElR T 2 BIKZEM 2 2EE2EHH O
KRR LEESEEMT OERKRE LREREEF T AT 5 (REH) ORFBHFEEZED CE .

ARZEFAL, 20105/ B E~ > > a VITE A S, 20204ELIBEARIN & OIS ARG E AN A E Y,
20224E D KRB~ v g DT LY BRFF10007103#T 57 EE AR EAL TN D.

AL, ARZEFOBEML R B L OEEN D% & L CT20254F 1 A ITHEEE L 7= EBR{EF O & ENIREL
B, =7 o) #ERESEO ERFES RS T5.

AREBREFTTIE, REFLFREL, SEMETZIT O & & bITHBGT RS R, SEEREF2=Y b
DOBA¥E, =7 2SR OILIRICET AR EHED TN D, T ORE, KR2EHO BT 2R R BEMEEE,
TRV F—EEEER L ORGSR MR T 5 L L bic, &E - RSB EIC T RS E L N
7.

X*—U— 8 HEEHEE LR A TER SRR LR EREE T 2 R3EEHE, CFD

= R

1. 1It®ic 4. BARIRMENTE T L OREEE
2. BY - > RT LR 5. 2EEZEHH AR IE T O M
3. miEEEIRIEH 6. F&

EVALUATION OF EXPERIMENTAL CONDOMINIUM-UNIT EQUIPPED WITH
UNDER-FLOOR CENTRAL AIR CONDITIONING SYSTEM

Ryosuke FUKUOKA Akira SATAKE
Shuhei OTA Hiroyuki KAWAHARA

Synopsis:

We have conducted research and development of an under-floor central air conditioning system for multi-family
residential buildings that utilizes the continuous under-floor cavity throughout a dwelling unit created by a raised floor
system, as a conditioned-air supply plenum.

The system was first introduced in a small-scale condominium building in 2010. Since 2020, its deployment has
expanded mainly in the Tokyo metropolitan area, and the cumulative number of installed units has exceeded 1,000
since its adoption in a large-scale condominium project in 2022, demonstrating its growing prevalence.

This paper presents an overview of an experimental dwelling unit constructed in January 2025 as a platform for
technology development and demonstration of the system, together with the results of field measurements on indoor
thermal conditions and air-conditioner operating characteristics.

The experimental dwelling unit is equipped with the system, enabling various performance evaluations. In addition,
research is being conducted on system component improvements, the development of a whole-house air-cleaning unit,
and the expansion of compatible air-conditioner models. The results demonstrated favorable thermal-environment
performance, energy-consumption characteristics, and air-cleaning performance of the system, while also providing
useful insights for establishing design and evaluation methodologies.
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A SOCIAL EXPERIMENT ON POTENTIAL FOR VISITOR FLOW GENERATION
AND TRANSPORTATION INFRASTRUCTURE FACILITIES UTILIZATION
THROUGH FAN-SPONSORED ADVERTISING

Kazuya SAITO Ayato ISHIKAWA
Makiko MIZUNO Taku MATSUBAYASHI
Michio OHASHI Keita MIYAMA

Synopsis:

This paper presents a social experiment that examined the potential of fan-sponsored advertising as a tool for
visitor flow generation in transportation infrastructure spaces. Against the backdrop of increasing demand for non-
fare revenue and the expansion of fan-driven consumption, advertisements created by fans were displayed at
station-area facilities and expressway rest areas during a large-scale idol event. Of the 139 applicants, 30 ultimately
displayed advertisements. Post-experiment surveys of 22 participants showed that 68.2% of respondents visited the
advertisement locations and 77.3% posted related content on social media. The results suggest that fan-sponsored
advertising can stimulate both on-site visits and information-sharing behavior. Furthermore, the experiment
indicates the potential of fan-sponsored advertising as a new approach to space utilization and non-fare revenue
generation in transportation infrastructure facilities.
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AERODYNAMIC EFFECTS ON A HIGH-RISE BUILDING
WITH CHAMFERED CORNERS

Naohiro NAKAGAWA Yusuke MARUYAMA
Hiroaki NISHIMURA

Synopsis:

The crosswind response of a high-rise square building with chamfered windward and leeward corners was
investigated using wind tunnel experiments. The aerodynamic effects of the chamfered windward and leeward
corners were markedly different. Windward corner chamfering suppressed vortex shedding by promoting
reattachment of the separated shear layer at the front corners. In contrast, leeward corner chamfering increased
vorticity owing to the strong swirling flow around the leeward corners. A building with chamfers at all four
corners exhibited behavior similar to that of a building with chamfered windward corners. A tall building with
chamfered leeward corners exhibited a remarkably large wind-induced response at high wind speeds, whereas a
tall building with chamfered windward corners exhibited a reduced response at lower wind speeds. From a design
perspective, the response at lower wind speeds is of greater importance.
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PROPOSAL OF A CONSTITUTIVE MODEL AND A WATER CHARACTERISTIC
CURVE MODEL FOR UNSATURATED SOILS CONSIDERING "STRUCTURE"

Masafumi HIRATA Yudai OHTSUKA
Takeshi ISHIGURO

Synopsis:

The "collapse" phenomenon in unsaturated soils is triggered by a reduction in shear stiffness upon saturation,
resulting in a volume decrease as the soil's bulky "structure" collapses. Furthermore, in compacted unsaturated
soils, variations in water content or degree of saturation during compaction affect post-compaction permeability;
consequently, soils with identical void ratios can exhibit different hydraulic conductivity values. Such differences
in permeability are attributed to variations in the pore structure formed during compaction, suggesting that the
stiffness and permeability of unsaturated soils are strongly influenced by this "structure." Therefore, this study
proposes a constitutive model for unsaturated soils that explicitly accounts for "structure," alongside a
corresponding water characteristic curve model that incorporates structural changes. This approach enables the
water characteristic curve model to be treated within the same "plasticity theory" framework as the constitutive
model; it is anticipated that this shift in the computational scheme will simultaneously resolve issues regarding
initial state settings and computational errors encountered in conventional deformation analyses.
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