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Elastic crystalline fibres composed of metal complex
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M E @ —E U = b, T b Uy b )& TR B8,

FERRARIENC & > T 2 PR HGRS & OB % & £ DR HE DRI

B I FRICH L IR OB A2 ST 5 2 LN TE D720, #f
p LFEOBEERFRSETH D,

TITTIE HLWEIE LT IR SEIRIC X 2 DG bkl O TE Rk
L E oI THE T B,
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2. BREOBHEBARBIZHT S5

Ha(salophen) & = @ Ni (IN#57 (1) 2 BE# O FIETHEB L 7=,

1 & 1-15CHCI; OfEdblx. 2%/ — (1) &7 vrEkLA
(1-1.5CHCIly) b ST, ZNENOEEZ P> Y L7
SEHZEWCEVERL (B, 10fEmEZREL, TOREZX
3¢ IR,

MeOH
- aas.-.-

Plate-like crystal (1)

E

Block-like crystal (1-1.5CHCI,)

—N N= —

—_
Chloroform
Ni(salophen)

1. Bk E 7 a1 v 7K (1-1.5CHCL) D % & Y Ni(salophen)
O FREEIAER T DB OBV X D RER O,

1 OEH & O (001) E 2 SJEETHT & (K lloiiz v ety
FPTHSARNS), Mo 2 BIRICE L LT, RIS, &S HmIC
SATIZA L . RS o (K 2a), 20X 5 2R
Bt (n ZEDFH6RD) OnEE, ThETICbBEshE
ZENBLZBM HMBIRY TIX SRR TRAROEBZ R L #
FIZ A OB TH DB, 1 OBHERAE T2 L — 7 RICHnF, 77 2
WENT &, R TICaoRkBIZR 72 (K 2b, ¢), HiFEL
DY A T IVIMESBITH TN TE 2, FamohiFIE—Fmiz L
BN n 5Tz, ¢ FHNTH > THF 5 Z L X TREZ 28, b W
Wi > Tl 2 & B S e, 2 VIR b O B M %
ML TWDEFERD, IMTFOTH (&) 13, A TF— - A X—A
HERX &= (t12R) VW TAEEbOND, Z I T, tITFERDOES
(26.1um) . R IZHMED R £ THIF /=R O¥ETHY 129 um &
WESNTZ, TNOEDT =2 bitRahs 1D &l 10.1%ThH
D IFEAEDTHERBRIZ 1 IVEVWI ERRENTND 2D,
INETHESINTVWDEELY bRV mWZ ERnbnd, Bz,
CdBra(Brpz)a ]8T ik 0.8%. 1,4-bis[2-(4- A F /L F = = 1)]-2,3,5,6-
T RZT7AFaRE U TIE 4.3%!"9, dithieno [3,2-a:2” ,3’
-clphenazine T % 2.8% U8 7= 1,4-bis  [2-(4
methylthienyl)]-2,3,5,6 tetrafluorobenzene <Ti% 14.28%!'! T&H %
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(b,c) HEMEIRAE A DML (d)BRCIRAE O SEM Eifg, (e)ki) 7z
INT & o THRIBE L 72l St o e b,
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IHNIEZHEMTIEARNWI EEZR LTS (K 2d), 52, oFIE
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Hx22% & IFEITHOEME (R LIRS 5um LLF) ([CHJERRECTH
5 ENyinoTs (1K 2e),

3. HiERBEEN

1 & 1-1.5CHCI; @ Hiffdl X B EfEHT (SXRD) A ATV, Hid & h
FORZREFE L (K 3), 1134872/ P2,212: T Z=4 TR
b Uiz, AEdRE 7 INIIXEIEE S FIXTFEE LDy o e, Ml 8
VEROMICEE S D ZHifld 13.44° T, ZONTRDTNICE
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EBLL Tz, 7 radasytid 1 Rock ERCE ., fHE
Ni(salophen)$fi{k D 7 = /7 ¥ v Lk FEHEA (d=2.07-2.14A) %%
MLTWe, 2OZEnb, Z7uahVintaiEmcEATSH 2
LT BRI MR ST S Y o T

X 3. (a)1 Oy F#E (b) =5+ Ni---11 & C---O D4y 1 HFH AAE
Az X 288 (c)1 OfEfh o Faxe index 12 & 54X
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LR, MOMEER MARrY—IE, X0/ hSZRMFEEO
Fa—7 (-5.6~-414 kd mol") TREEND, ZNHDORFGHZR
FHEAEA MR w2 — 1%, S0 i PEAHE ~ o0 Bk 1) il 2 | B 32
R ERETZENEZLND, 1-1.5CHCl; O EEM F R e
T—TlE, bEhF RO =y VSRR O mem A ICE S < FRV
FEAEA (E=-115kdmol") & ac mND 7 17 1 k/L A L DkFHRE
Bk BBVEEMA (JE=-128.2kd mol") B E N7, K1
Ll UC, A 1-1.5CHCI IRV BAE A S FET B 720,
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XD L LR EINT, KFRIL, EFT A A~OIEABHRES
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Aircraft model identification using acoustic information of aircraft noise by machine learning

Makoto MORINAGA*
1. LIz B AT LD EED TN D, ZME:T“ IR EBRZe PR F S Ok
WA, WCKFBEEZPOLE LT, RERTICEAEHZ ML AKIER Eﬂlﬁ%‘?&‘(ﬁ’éﬁ)ﬂﬂ’ﬁﬁy’% T BRTE T — & H S BRI % 3R A 7o A R
DODEIE REBOREBY A7 Z KIS D & O R RTHZEN WAt 5.

AMITHEENTWA[L]. ZDOEZDOTF, 2018 412 WHO FRM %

JRDBRERRE A FTA4 V2] REL, BE LV ORISR RE
niz. —Jh, BAEICBT 2HEMORZEERYE ORELAET, WIh

HHEN BB HENRB L TRV, 2020 FICBEER T, BT OREE
EMEOHFM AT O OMFEBZ LML, K& IXH R -
DLW E WA H Y WHO OBV EZ 20 THAEICHET T2

ZLRRRETH DD, WAEMA 0T — 2 ISV CERE OBRE

*Jif‘“l%f?’%%%?”/é ZLEPBERARTHD EDFRNI ST,
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Hi“igi IR DEFET U N AOFAERIE (BEE-ROCBER) otz
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& DR - URBRITH S ESCEFHE I L > TRIGT — %
ZNET IO D AHA, REIMENAKRT 28EEORERLHERT
DREEND L. RZEEL AR - KERITHOELIZEWT, &
I 2 R T 2 M ZERER S OMRER IR I & HHICHEE T 5 7212
BRI F X OB B O IR T — &, AT, AT 2 3T A —
ZELETHHHBEICLD /A X~y TOERBLETH L. b
DT A—=2 DN, B L OREERER ORITEEICBE LT, H
FIIMESEN EROPE TIEEEROE TR LN TE 2 2350F
FR—ZATOMEDL 1T, HHORZIRS Web LTRSS T
% Automatic Dependent Surveillance-Broadcast (ADS-B)® R4 (2
DEEEHEE LTS, L LR, Rzl iléﬁ"b‘é)if'rﬁk
L2 Z &R ADS-B TOHIRIC AT/ Mode S D R 7 AR &
BEERELTCVRWVWHZERLELET L2 L, WTNOHEICHR
ZERELD. BFERORITH AL OFETH, KERITHOBHA T,
AT EREICBET 2HEMOAFRRETH DL LB LN, £/, B
PR - REHK L IZ, —HOmEHLSMNET Mode S D kT AR
AEH%%E L TR 5T, ADS-B #FIH L7 EIE O HEE XA FHET
BDH. Zol, Fexld, MZEHEEEOIRAWR L e DA EAT
BT AL AAME LT, TEERA ORIk DR
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2. ABTHEALTWLWIHBEEDFE

AR TR T 2 FiEE, #ord Y 5% CTH 5 Convolutional Neural
Network (CNN) Z{ff LT\ 5. CNN T & L CHligign o n e ¢
AOWons FETHY, BEBEOOOEEE 2 RTOKIET — & 122
BT DL TR ERD. O RGB bEETHHE, 3Kkt
DEINC L DEMET — % TOHNrE 7D, KRN CiE, HREER
TANY MBI 1s BRO 13 427 2 =730 R L~UL Ol
T2 EEMLTEY, mRBEE LV (Lasm) PRERZPLE L
THI#% 30 s D 1 3O T —Z Z AW T@G 60 a~DF—%). 134
7B =T R LoL oL EE T 20 Hz 205 16 kHz £ T 30
WHThHD., ZndHD 30X60 (A X ) @ 2 kot~ b 7 R
OEfET — & Z O THWICHEM L7z, CNN 2% 727 —F% 7 7
F ¥ NEREINTWDN, AR TIX Residual Neural Network ¢ —Ff
T D, ResNet-50 #fH L, #HDT7 L— LU —7 2% MXNet %
R L. TOMEOMES Fig. 1 12777, ResNet-50 D44k RS
2T, AT —413224X224 DY A RIZEHL TN 5.
3. H—RRATA41: 1 thEADEEBEDHERRE LI-EH
3—1. AhT—4

CNN IFBURH W R THDH 120, BFEEOANNT— 2 ThdE
BIERIZINZ, TOEWER A THLINERT DIODIEMFET L%

METHBERDD. ZhbOHERENET D70, KIKIEPE2EHE
DEREREOE T (JEERKM D Skm B 72 R (SN T DA0E

IZBWTT =V FREZTY, B O&E L, ADS-BIZ X5
EHERONEEZL o7, 7 4 —/L N4 2017 4 12 H ~2018
F2HETD69 A, MATERLIREB I Ro72. T, FHO
EThD. BEFERERY v FAZ Y —vE2EELEY TR
L~ A—% (Rion, NL-52) % PC 285t L C/N— FT 1 A7 IZHL
Fk L7z, FEBELFETIZ THD
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Fig.1  Structure of CNN used in this study (ResNet-50)

‘ 1 x 1, grovel average pooling ‘
I
‘ 1 x 1, 1000 full connections ‘

Table 1 Targeted noise sources used for classification in case study 1

No. Classification ID

Aircraft model

Engine type

Number of data

B737-700
B737-800

1-1 B737_CFM56 LD

CFM56-7

1821

1-2 B767_CF6_LD B767-300

CF6-80

989

B777-200
B777-300

1-3 B777_PW4000_LD

PW4000

771

1-4 B787_TR1000_LD B787-8
B787-9

Trent 1000

361

1-5 CRI700_CF34 LD CRJ700

CF34

298

1-6 A32_CFM56_LD A320
A321

CFM56-5

52

1-7 ATR42_PW100_LD ATR42

PW100

52

r—AALT 4 1 TRE L LI F A Table 1 1077, FH O No.
1-1~1-6 1Z¥ =y METH Y, No. 17 1F¥ =R Ty 7HTHS.
M7 =283 4344 ThH 2. — RIS, RILHEETH->TH, HHL
TV VU BRI BERLRRD. Z0ld, 74—
R CUINE L7z ADS-B fE#2 5, 8% OMZEHERE 1 <2 M
BILBAOEAKEREAFL, HRL TV P ORMKER
E L, WA AEMEE L2, Table 1 T4 L7z No. 1-1~No. 1-7 @
FRIZOWT, ANLEEF T FAXY ba /T AEBOY 7L
% Fig. 2 (2”7, ORI, MEm3JE R, GoRBITEE
LARLVOBEEZE®RT LS. WTFNLOFRLIAHR /A XA THDH L
Nbind. Fl, BRTENZNORBENET 5 2 LITHERICH
HThHb.

3—2. HAKEZTET SHE

HTIE 10 DEIZZR T 2 L& B WOk 3R 2 3840 L7z,
Thbb, FEETAMOT—XHIF 91 THY, ZOLETT
ALOCERENTZZE] T X T AT =2 OMABDLEICL D
Bra 10 [F# iR U7z, FAEE OFMIC T, 2koEER
(Accuracy) , & SO A 2 (Precision) , FHL#E (Recall) , F-
measure & FEAE & L72. Accuracy (%, Tl & ERA—FK LiEE%E
YT NVETHSTETH D, ZOFEIE, AhIneToOT—
A0, MEOF—ZEFELL@EITELErE2RLTNDS.
Precision & Recall, F-measure O % H )54 % LT DX T/R9. TP (True
Positive) X, HAFHICETHT —ZEZELL#B L= THY,
FN (False Negative) X, ZOEIRICITE S 2V EFRMHI L 728 TH

No. 1-1

No. 1-4

No. 1-7

Fig.2 Images of time-frequency

No. 1-2

No. 1-5

characteristics

of

aircraft noises used as input data to CNN in case study 1



Table 2  Correspondence of test-data prediction and correct answer in 10-fold cross validation in case study 1

No. Classification ID N Precision

Recall F-measure

1-1 B737_CFM56_LD 1821 0.995
1-2 B767_CF6_LD 989 0.993
1-3 B777_PW4000_LD 771 0.994
1-4 B787 TR1000 LD 361 0.989
1-5 CRJI700_CF34 LD 298 0.990
1-6 A32_CFM56_LD 52 0.981
1-7 ATR42_ PW100_LD 52 1.000

0.996
0.995
0.994
0.983
0.990
0.981
0.981

0.995
0.994
0.994
0.986
0.990
0.981
0.990

Accuracy = 0.996

%. —J77C TN (True Negative)ix, D EWICB S 2WT —X % Z D
FIRTIERWEELLS#B L2 TH Y, FP (False Positive)idE D
FIRICET D LA LT h s, 22Tl i) TERES &
BRI 5.

TP;
TP+FP;

Precision;= (1
No. 2-1

TP;
Recall,-: m (2)

2xPrecision;xRecall;
F-measure,=———F—— 3)
Precision;+Recall;

3—3. BARR

T A ME R % Table 2 127”77, Accuracy 1% 99.6% & FEH IV ME T
BV, FHNEIZ T DB E & T2 SEATHRZE[4-T] O RE R & Bk
LCHIEEMENEHWERTH -2, 72, Accuracy 7217 T <,
Precision <> Recall, F-measure D W HIEHIZEVME L 72> TV D
LW ND.

No. 2-4

No. 2-7
4. T—RRET 12 BEEENERETDEGTOEA

4—1. AAT—4
IHCHWT=FEI E & DT — 245 % Table 3 |[Z/RT. ZAUHIEAk
FH [ R 22 Pk D FRAT AR BE O T A5 I2 81 5 3 AFTCR N T, LR 10
AMOBETHONEZT —2HTH 5. WEITOTh b LRI EN
INZHDOTHY, 2016 FFRB L2017 4D 12 ACHESNTZT —
AV WMEMESITr —AA%T 4 1 ERCY T RLL
A—=ZERANTWS. AIEHRIXIEEKS2 S 1 km~20 km O HiFA
WAL, WINLRITREOE FICETD. F—AAZT 1 1
IRy, HEME T ORI E OB LY, BT & EREE
BELTWD., 20D, ¥—AAXT 42T, =P Ao
B BT, BEEREOBENWLZE LI 0EERB IR o7, RPICRT
[Classification IDJ 1%, /#T CalkBlRtZ & Uiz Al = v AU -
BiglE) oFWREHNCTHL. A, & 52 FEOFHEOF L
T =2 KN 100 A ETho7 18 FEOEIEARM L Tolr&iT-
7o, 2ZTOTF—ZEIAANMECL>THLNTELDOTHY, IEfiE
FoOVIZ ADBEIERICH CHB L Cildk L7 D THDH. Table3 T
75 L7z No.2-1~No. 2-18 OFJIZ2OWT, AS LY RAay
fv /T AEBOY TV E Fig. 31T, KIORENTMR, #tdh
IR, AORKRIIFELLOBSEZERT 5.

No. 2-10

No. 2-13

No. 2-16

Fig.3 Images

No. 2-2

No. 2-5

No. 2-8

No. 2-11

No. 2-14

No. 2-17

of time-frequency

No. 2-3

No. 2-6

No. 2-9

No. 2-12

No. 2-15

No. 2-18

characteristics
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Table 3 Targeted noise sources used for classification in case study 2
No. Classification ID Aircraft model Engine type Number of data
2-1 A32 CFM56_TO A320 CFM56-5 195
2-2 A32 V25 TO A320 V2527 302
A321 V2530
V2533
2-3 A32 V25 LD A321 V2530 110
V2533
2-4 A33_TR772_LD A332 TRENT 772 132
A333
2-5 B737_CFM56_LD B737-700 CFM56-7 191
B737-800
B737-900
2-6 B737_CFM56_TO B737-700 CFM56-7 224
B737-800
B737-900
2-7 B747_CF6_LD B747-400 CF6-80 146
2-8 B747_PW40_LD B747-400 PW4056 144
2-9 B747_GEnx-2_LD B747-8 GEnx-2 186
2-10 B767_CF6_LD B767-300 CF6-80 631
2-11 B767_CF6_TO B767-300 CF6-80 437
2-12 B777_GE90_LD B777-200 GE90-90 788
B777-200LR/F GE90-110
B777-300ER GE90-115
2-13 B777_PW40_LD B777-200 PW4077 189
PW4090
2-14 B777_GE90_TO B777-200 GE90-90 265
B777-200LR/F GE90-110
B777-300ER GE90-115
2-15 B787_GEnx-1_LD B787-8 GEnx-1 249
B787-9
2-16 B787 GEnx-1_TO B787-8 GEnx-1 245
B787-9
2-17 B787_TR1000_LD B787-8 TRENT 1000 328
B787-9
2-18 B787_TR1000_TO B787-8 TRENT 1000 162
B787-9

4—2. BAREZFET 4%

F—AART 4 1 LR CHET, #AIRE ML,

4—3. HBAKR

T A MERE Table 4 IR T 7 —ARAHX T ¢ 1 & [AERIC, Accuracy
13983% L IEFICEVMECTH 0T, ¥ —ARXT 4 1 LT D L,
F-measure XD MK TF L7722, £ TH 95.5~99.8%D#i[H Th
D, EFICEHOEIMEREGLTCWD EVZ D, No. 2-7 & No. 2-8
@ F-measures MAX IS, TR HOFIRICEBIT 54 17 0|
WBIOWN, 4T1%IZ5EET D 8 FIXZ D 2 DOFW A H B L
72bDTHo7-. FLL, No. 2-15 & No. 2-17 (28T 2 iGi Bl o
B0 5 H, 48%ICHMT D 14 R, REFV ZD2 >OFHE
HWIZEHBAIL7=boThoTz.

A AZT 42 TIERICKE - =0 VUK THH-ThH, HEke
L EMEEZ Y TE DA LTy, BT L BT ORRBITIE &
AERBNR ST,

5. B8

5—1. JAXTYTHRIZB T HMEEOEME
KHFFETIE, 2 DORBRLIRATHENEZN TOREREE TIE L
THFWRT — 2 2O THEREE 21T, ZoRIMEERF L. W
THORITHLRITREOE FORESTHELN-ETET —X %2 H
WTEY, ZORANTIIBO TEWIBRMNFRETHDL Z MR
Mmolz. LLARRs, T2 COFEMENRMOMRITS CRIE LT
T2 ICHAFETH IR TE NN LN —DH DML
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Table 4 Correspondence of test-data prediction and correct answer in 10-fold cross validation in case study 2
No. Classification ID N Precision Recall F-measure
2-1 A32 CFM56_TO 195 0.974 0.969 0.972
2-2 A32 V25 TO 302 0.997 0.993 0.995
2-3 A32 V25 LD 110 0.991 1.000 0.995
2-4 A33_TR772_LD 132 0.992 0.955 0.973
2-5 B737_CFMS56_LD 191 0.984 0.995 0.990
2-6 B737_CFMS56_TO 224 0.987 0.987 0.987
2-7 B747 CF6 LD 146 0.953 0.966 0.959
2-8 B747 PW40 LD 144 0.958 0.951 0.955
2-9 B747_GEnx-2_LD 186 0.995 0.989 0.992
2-10 B767_CF6_LD 631 0.986 0.992 0.989
2-11 B767_CF6_TO 437 0.989 0.986 0.987
2-12 B777_GE90 LD 788 0.986 0.986 0.986
2-13 B777 PW40 LD 189 0.995 0.958 0.976
2-14 B777 _GE90 TO 265 0.996 1.000 0.998
2-15 B787_GEnx-1_LD 249 0.960 0.964 0.962
2-16 B787_GEnx-1_TO 245 0.980 1.000 0.990
2-17 B787_TR1000_LD 328 0.961 0.966 0.964
2-18 B787_TR1000_TO 162 0.981 0.975 0.978

Accuracy = 0.983

ZZ TS, SEE L= EBICH ORITH AL TRIE S o i
Wr—2%& AL, ELHERRINDIDMIELTZV.

Fle, /AR~y TOERICIE, TRATHE CTIREEHICIAN 5 &
% B IRATHEE Z L OBFER OTRAT IR 24032 3 2 MR & 5 03,
%fb%*“%%@ wamféﬁwioﬁ RELHVED. X
DX 7RWESR %u,gwmmL& BWTHIREREIZ LS
H O ﬁﬁﬁ\ib,i%ﬁ H(Eiéfrﬂfr WEAENAEL D (E

W2, w R R IR O N AT D )HL< SHTCRWET —

2T b & ZF] _lllﬁgéﬂf:'f~5(’6‘&>57b> H OZER I TE
B Lo THRARD (EMIITRE, MEICL Y RINESRRD). =
DEH7%, FURITHOBE TH-TH, B2 PIEREE THEMH
ZPAENCHIA R E VWD PRFNTH LB HEETHD. 1L
JRVVEIPA A )b & Lo 2228 B L i, BT — X DA T

WERAND D720, VI alb—varaiFRALERET — X O
IRV MATBY, SHOEEREDO D LMEDIT TN,
5—2. BREANRSNI-HH

F=ARAET 4 2T, WL ODDOFPRT, ORmkBH E A R
HLOMRR B, No.2-7 & No.2-8 Z#FHAEICME X, F7 No.2-15 &
No. 2-17 ZAHAIZHIEZ 27 — A BN bR bhiz. 20 2 1
13, FIREERE TR D =0 U A LI E RS & D R O RHK
WD, — TR OREREE TH 5 No. 2-16 £ No. 2-18 @ F-
measure [ZWT N HEWIRBIER E 72> TV D, B2 I35 RERF IS HE
NEALDID, Hhx R FIR TR S h 2 MRS 2RI 5
VUVEDFRSPMRICIETL, EhESo P UIZEk LA

HTOFRENEMT 5. 2ok, FRoEREFICEL Uz Yr
DV =y b AREF TR, BEKOZENELEDEWRTH DA
RMEADY, SR, TOZEPBIEFOKTORKE THSL2E L
2.

5—3. ANT—2DERFEDRERE

SEOIH T, 1sBERD 1347 =T R K )4 XL~k
W2, BEEMEEZ 0.1s 2 Y, ELICMIPVWEBTANTSZ &
IZEY, @AEEL W ECXBAREMNR S D, E, FEEHDOKAT
L8] TITo7c X 5 72, FFTIC K A AT —F D43 HTIEAT» T\
W, ZOXS 7%, XORBIRANT I L D0, A% OMRE
Thd. ANNTF—2ORHHEEICE L TiE, 4REITREEAIAIZ 60 s
ERA LN, B REEIT ) LT, EOREORIBROD
BT 2R b RSN TS, SHITEREHPICHE L T L RED
ZEWEZD. HMED (2018) [9]TIE, Vo v MO
RO DATIT T H D Lasmax RER DAL ORRTZNT T <, Heilrhs
DOEBOBHRLBEMOTHY, oM, &0 bEkEE CHE
THDHZEHETRLTND. ZbH BB, WY EEE - R
FOBRNALETHD EEZLND.

5—4. BLUNDIEROGA

Ty MEAZG L LEEABDEE N LI, BEOERERE
FEBEMBEUNOT =2 RN bENTHDL EBEZ TN,
FEBIT, MIZEHEOBMGIC X D Bk TR A& AT o 72 B ATAFSE
BIFELTWDH[10-12]. T 5 OWFFETHHT G & STV 2 B
BIInT L EL< 2L, E£F0MBIRIIMRICE > THEL TH D
2, CNN ZiiH LR LME SN TWA[13]. BIEOY 1 XL R
T ONLEDE N Y, FRFRICEB O T LB D 0J WA
ERMAT 22 ENAETHD EBbN . 7272 L, RESCEREER,
HLHWVFEARATENRZSLWE, HBEOBENERELMEL Tk
SMEND DT, FEERIC L DA &R HRIC L 238506
HABREERD EBZZTND.
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6. BhYIC

FHE DI EBIC X 2RESOMBICIRY A TETRBY, K&
FTlE, Deep Neural Network OD— T TdH D CNN Z iz v = »
L2 RS DOBEFEFR B O FH A RN Uiz, =0 ¥ ORASCRES D
HEWEBE L 18 FEOFTROMAITH-TH, 2D Accuracy
FHEFICEWERTH -T2, BEIE, AT LIZEELEAE LD
O, ERLBBETCHERT RS, SHICERDLIFTRERG L Lz
T AAZT 4 #EMLTEY, 4%, ZVAKIATLOFEMMER
PHMEZRO THNETZNEZ LTS,

SE X
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Mathematical Analysis of PDEs appearing in fluid mechanics

Kenji NAKAMURA*

1 @Lsic

MAENFORERABATHL2F V4 2 - A =2 2HFBERE,
JEAEMER ME TR 0 B 2 il ib S 2 ERERM A T EATH 5. F
Tbhb, u=(u(z,t),u(z,t), us(x,t), ™=m(z,t) &2 ZIEE
= (v1,22,73) € R3, FiZlt > 0BT 2MADOTRENZ + Ly E
hesse, {urfld3Fvaez -7 2G5EK

oyu+u-Vu=DivS — Vm,
div u =0,

Uli—o = a

(NS)

WHES. 22T, a=al@)=(a1(x),...,an(x)) FVHERERZ oL,
SN 2R T, MMIS D ERHEE Vu+ (Vu)T & E8 pu >0
EHWTS = u(Vut (Vo)) THABNS & 213, FFEMEMN div
u=0725Div S = pAuBfEv, HMARFT 4 -2 =27 R
=
ou — pAu+u-Vu+ Vr =0,
divu=0,

Ul—o = a

(CNS)

Z13%. (ONS) ZHMEISH e B EEXREOMBE LD, WbW
BIEEMETE= 2 — b URIPETRIA DB 2 5l L 22 Ry 5T H
% . (CNS) O E AW 58 1T Leray [10] 12 & o TR ICMH D b,
WO ELIRME (53f8) OTFEER R L. 7, Kato [6] 1&/ X 229 HME
RS B DR KRB —EFEEE R L. Zhs kR, B
EDFT 4T - A b= AR HEMTEID K S B —> Dt
BANRFEEGZATVS. UL, REEEROYIAMEICH T 2 M@
{u, 7} DIRFB KRB —BEFEEN RSN TE LT, BEEMN 20K
R LT HEHTDHS.

— 05, KitEIG h e ZTERE O BGRMAER T > 02 HWT S+70,5 =
pw(Vu+ (Vu)h) th 2 6h 3 & &k, JEEMEMFdivu=02 5 Div
(S + 70,5) = phu B> . & T, (NS) O LRI (1 +70,) %M
BiE, W F v 4 = - 2 b =27 25K

T02u + Opu — pAu+ (1 + 70;) (u - Vu) + VO = 0,
div u =0,

(u, Opu)|t=0 = (uo, u1)

(HNS)

F B BEFEHE

Assistant Professor, Dept. of Mathematics

BEB. 7L, 0= (1+70)r & L. (HNS)@E=2— v i
RO —HTH 2 IFEMTE~ 2 2T = Mtk 0ER) 2 3L id U 72w
AR LTRESNTE Y, FERFT#EO—EEE L /NS 2
BV N5 % IRf [ KSR D — BAFAE DY Racke, Saal [13, 14] IC K DR &
nr.

KFITIE, BEH A ET (CNS) ¥ (HNS) el L THE-MR L,
BET 3 NECDOVWTHNT 5.

2 2 RTAEAEREDRE L BRI

FU 4T - A= AFEREHERNT 2BE, ~vakry
NRLE=120GEMVE. 22T, L2 ={uecL?|divu=0}
G={Vrel?| 7€} }TH5. LEd>T, 1P L%~ L2»
ERTE, AL aRALYHELEWS., ZhAICXD, HER L E
NGEDICHMTBILDTES. T, M TIE PA=AP
MDD, Lo T, (CNS) D 2 RICHAMERE I AL L KoL
v HH R R

_ . — * 2
{Btu Au+ Pu-Vu=0 Tn ]R2 x (0, 00), (PCNS)
U= = a in R
%13 %. (PCNS) ® EEH 5 IZ B SR
— = 1 2
Ou—Au =0 Tn]R x (0, 00), (HE)
Um0 = a in R?
CEUCFICRS. BTRN (HE) KB WT, Wl % L' (R?) o7t
YF B, KAWL (8):
1 2
i ), = g | [ty
ZOZe,s, ac LY R x L TIXMROREZE L2 5 574k
| 10yt < Clals e (1)

BHIECE 2w, LaL, 9IlED 7 5 2% LYR?) X D dPvn—
F 4=l YR 2T BT &Y, RORZE L2 H R

A|Mwﬁwwsam@ma

B2 TE S (8,11, 12)).
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MWIMEE N =7 4 — e Lt S OR2E L2 AR, HEK
#5

in R? x (0, 00),

DW
in R? ( )

O2u+0u— Au=0

{(u, Oru)|i=o0 = (uo,u1)
ORI LTH D ILD. HHKE AR (DW) &, (HNS) gL
ARV EEHELTHEONL RO EEHBE T EFEHLETHD
(HNS) 2 @t 3 2 BRI EE L &E 2 Ri-TeEXbN 5.

(CNS) @ 2 ZTH MBI 3 ot Lo B a v a2, 91l
% L2(R?) & L7 & & D59 & g o R KIS — BHEEIRR S
NTW3., 7, WHMEE 2R)NLYRS) O 5 AL Lt &,
(CNS) @ §9f# Ik L TR D FFAf 23 5L b 320 ([16]) :

@)l 22y < C(1+8)77, t>0. ()
SR IR AR (2) 20 &, (CNS) 0 2 RIE I HMERT I 5V T3 (1) &
FtE DR 2% L2 HREZHHETIERR WD, ROMREH L.
FEE L ([9). ac LZ(R)NLYR?) 2 L, u % (CNS) ® 2 XItH A E
MEOHMrT2. o &

t
[ o) uayas < €

MDD, 72720, CELEELBRVWIEEKTH 5.

EHL RO 7 5 A0 N—F 4 — 22} AN (R?) Tld 7 <
LMRH X LTHWDV>TWBEILICHERTS. Ch3BAFERD
BHCERINTVWARVWI L THD, (CNS) WIREMSGHDL D 2 72
%, Amrouche, Nguyen [1] DFERIEZ 2 2 X 3.

¥ 72, (HNS) © 2 RITo A R LT b i o I [ 9802 A4l

lu(®)|L2@ey < CA+H72, >0
BRDIOR, TOBAES (1) L RO L2 R EATIES

. Rexl, ROREZE L2 AR (HNS) 0 2 KT8 0 R I 5
WTHERD EDZ L ERLE.

EI’E 2 ([9]). (HNS) @ 2 e #lEfMEIc B W T, v % [13, 14] T
Lbhbfpes5. Zor %

t
| o) s < 0
MDD, 12720, CERLCELRVIEERTH .

ERL, EHM2II AT —ERESVTREINS.

3 RBRAAIFRILF—E=ETE

AHICE, MBI F Y 4 = - X b =27 25 (HNS) Z#REk L

FMETH 2 MR R =27 27FEK

TOPu + Opu — Au+ VO =0 in Q x (0,00),

divu=0 in Q x (0,00), (HS)

uloo = 0, (u, Opu)|t=0 = (uo,u1) in Q
FANEERTER TS, 22T, n Rt —27 Vv FZEBR" OH
WOQPHAHEMTHZ221E, O R"OARFEHLE LTO=R"\0O
MO DEEEWS. DT, QBRI+ TRDLENTH S LK
ET 5.

3 XICLL E oA REBIC BV T, Iwashita [5] 1X (CNS) @ /N & 72 4]
HAFIc T 2 KRR O —BHEELZR L. HoE, Bl
I D LP-L1 RIS D < Kato [6] D 7T & 5. AHEBHEBLUC B 1
2 RIGAL I o LP-L7 FEAMiE, JRFT 3oL ¥ — BB & 220 o
Lr-LiGHfi A G DHLE S Z e THE LN 5. ¥z, Dan, Kobayashi,
Shibata [2], Dan, Shibata [4] 1% [5] D& REZHR L, X 512 Xouht
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Development of Ordered Intermetallic Compounds and Electrochemical Reactions

Takao GUNII"
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based on Admittance type Equivalent Network
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A Structural Demand Model for Seismic Fragility Analysis Based on 3P-Lognormal Distribution

Fangwen GE* Haizhong ZHANG ** and Yan-Gang ZHAO ™"

1. Introduction

Seismic fragility analysis plays an important role in the overall seismic
risk assessment of a structure [1], in which the dynamic relationship
between earthquake intensity and structural failure probability can be
quantitatively determined and is usually represented through so-called
fragility curves. According to the damage data source, fragility curves can
be divided into four types: (1) empirical, (2) judgmental, (3) analytical,
and (4) hybrid [2-5]. Each type of curve has its own applications, among
which, analytical fragility curves, which avoid interference of the human
decision and are easily constructed based on the objective analytical
engineering demand parameter (EDP) predicted by structural nonlinear
dynamic analysis [6, 7] or the capacity spectrum approach [8, 9] have
become the most commonly used type and are therefore addressed in this
study.

For analytical fragility curve construction based on nonlinear dynamic
analysis, three procedures are commonly used, i.e., incremental dynamic
analysis (IDA), cloud Analysis and multiple stripe analysis (MSA).
Among these, cloud Analysis [10] is recognized as relatively simple
because of its unscaled ground motions used in nonlinear dynamic
analysis. It has been adopted in numerous studies [11-18], however, its
application is limited due to the accuracy of the results and the fact that
the input ground motions need to be selected carefully [19]. Differing
from cloud analysis, both IDA and MSA are procedures for obtaining EDP
data at considered earthquake intensity (IM) level through scaled
earthquake ground motion input. Specifically, IDA [20-22] uses a fixed
suite of records scaled successively to higher IM levels and is good at
capturing the uncertainty of record-to-record variability. In contrast, MSA
[23-25] shows its flexibility in the selection of different suites of input
ground motions, and thereby appropriately represents of the seismic threat
at the corresponding IM level.

Based on the analytical EDP data predicted through the aforementioned
procedures, fragility curves are usually generated using a probabilistic
model, the most commonly used of which is the lognormal distribution
with two parameters, i.e., logarithmic mean and logarithmic standard
deviation. This model is widely accepted and used in most parametric
analytical fragility analyses [8-19, 21-25]. However, the accuracy of the
lognormal hypothesis, which is especially important for the seismic
fragility analysis results has received little attention. Therefore, a more
appropriate structural demand model to improve the accuracy of the

fragility analysis is necessary, which is the object of this study.
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2. Review of the lognormal structural demand model

Given an earthquake intensity measure, /M = a, the probability that the
EDP will reach or exceed the threshold (edp) of the considered
performance limit state can be expressed through a fragility function in

the following conditional probability form:

Py (@)=Prob[ EDP>edp|IM =a] (N

Considering cases of structural global collapse for each /M level in
nonlinear dynamic analysis, the structure fragility function needs to be

modified as follows based on the law of total probability [23]:

Py (a)=Prob[ EDP>edp|IM = a, NC|xProb[NC|IM = ]

, (2
+Prob[EDP2edp\IM:a,C]xProb[CHM:a] @

where C and NC represent the occurrence of structural “collapse” and

“non-collapse,” respectively, which have the following relations:
Prob[NC|IM =a]+Prob[C|IM =a]=1. 3)

When a structure collapses, the probability of the structure reaching or
exceeding any performance limit state will be considered as one. Thus, the

fragility function can be rewritten as
Py (a)=1-Prob[NC|IM = a]x Fypp(edp | IM =a,NC),  (4)

where Fepp( * ) is the cumulative distribution function (CDF) of the EDP.

The probability of non-collapse at each /M level can be approximately
estimated using the proportion of the non-collapse data from the nonlinear
dynamic analysis as follows:

Prob[NC| W:oz]:m , ®)
total
where Nyc,« is the number of non-collapse cases at /M = a and Ny, is the
total number of input ground motions for each /M level.

Under the procedures using scaled input ground motions, i.e., the
nonlinear dynamic analysis conducted on the object model with the input
of a suite of N ground motions scaled into considered /M levels or
different suites of N ground motions for different /M levels, a sample of
IM-EDP pairs (a, EDP,;) at IM = o (i =1, 2, ..., N) can be obtained. In
practice, the structural demand at /M = a is empirically assumed to follow
a lognormal distribution [8—19, 21-25]. Thus, analytical fragility curves
can be generated as follows:

Inedp —

P/.(a):lfProb[NC\IM:a]xCD[ /1"’|IM:0:,NC), (6)

o
where ®( + ) is the normalized Gaussian CDF; Aa and Za are the two

distribution parameters of the random variable EDP at IM = a, i.e., the



logarithmic mean and logarithmic standard deviation, and can be

calculated as follows:

NNC
Ao = 1 InEDF,; , (7a)
Nyc i=1
NNe
1 2
£, = FYA— > (nEDP,-24,)" . (7b)
NC ™ =1

3. Proposed 3P-lognormal structural demand model

A structural demand model based on a 3P-lognormal distribution with
parameters of mean, standard deviation, and skewness is proposed to meet
this requirement for fragility curve construction. The probability density
function (PDF) and CDF of the 3P-lognormal distribution [26] can be
expressed as in Egs. (8) and (9), respectively.

2
! 1 (‘x_/‘ A 1
fx (x): exp{ In gy |-l S ,(8)
27rln(A)Mfub‘ ZIH(A)L ‘ O Ja o,
OX
YoM |
1 Xy —In b2
o, | V4
Fr()=0 Jin4 : ©
where [27]
Az“%’ (10a)
Up
1 1 1
u, =(a+b)3 +(a—b)3—a—, (10b)
3x
e 1), oo
3y 2 o3,
b:i\/afx +4. (10d)
3x

Here, u,, 0., and as, are the mean, standard deviation, and skewness,

respectively, i.e., the first three central moments of random variable x.

4. Investigation into the structural demand model
4.1 Input ground motions and analytical model

It is well known that the uncertainty of random variable EDP at IM = a
from the nonlinear dynamic analysis mainly depends on the variance of
the input ground motions. To obtain a more referenceable structural
demand distribution reflecting the uncertainty of record-to-record
variability, it is beneficial to apply as many of the input ground motions as
possible. Thus, in this study, a total of 1,000 ground motions considering a
wide range of epicenter distances (D) and magnitudes as estimated by the
Japan Meteorological Agency (Mj..) recorded at 14 Japanese sites with
nearly the same site characteristics were selected from Japanese
strong-motion seismograph networks (K-NET, KiK-net) [28]. To make the
selected records general, four groups contained 250 records were
considered. The input information, i.e., the location of the recorded sites,

and M, and D of the selected ground motions, is plotted in Figs. 1(a) and
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(b). The selected ground motions were scaled into six peak ground
acceleration (PGA) levels (used to represent IM as an example), i.e., PGA
= 100, 300, 500, 700, 900, and 1,100 gal, as the nonlinear dynamic

analysis input.
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Fig. 1 Input ground motion information

A simplified three-story three-span conventional steel frame model [29]
(Fig. 2 and Table 1) was used as an analytical model to illustrate the
distribution of structural demand in this study. The dimensions of the
model were set as follows: The height of the first floor was 3,800 mm and
that of the other floors was 3,000 mm; the length of all spans was 6,000
mm. The story weight was set to 39 kN/m of the beam and distributed
evenly to all nodes. The yield stress for all structural members was set to
235 N/mm?2. The columns and beams were designed as square steel pipes

and H-shaped steel, respectively.
6000 6000 6000

3000

3000

3800

Y AN AN AN

Fig. 2 Elevation of the analytical steel frame model (mm)

Table 1. Detailed dimensions of structural members

Story Column (mm) Beam (mm)

1 350 x 350 x 9 340 x 250 x 9 x 14
2 350 x 350 x 8 300 x 200 x 9 x 14
3 250 x 250 x 6 240 x 170 x 7 x 11

The maximum interstory drift ratio was used to represent the EDP. To
investigate the distribution of structural demand, a nonlinear dynamic
analysis was conducted with the following properties: a Young’s modulus
of 205 kN/mm?2; a bilinear model for restoring the force characteristic; a
secondary stiffness 1/50th that of the initial stiffness and a damping ratio
of 2% for the fundamental period.

4.2 Investigation of the distribution shape of the structural demand model

Based on the nonlinear dynamic analytical EDP data, the three
parameters (i.e., the mean [x,], standard deviation [o,] and skewness
[as3.] of the EDP at IM = a) of the 3P-lognormal distribution could be

calculated as
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> EDP, (11a)

1 NNe 2
o, = > (EDP-p,) . (11b)
Nye =1 5

| [(NNC
a3

3
“ N ; EDP,-] los . (11c)

In this study, an /M-based rule named as the 20% tangent slop approach
[30], i.e., a method to determine the structural capacity point when the
EDP begins to increase at increasingly higher rates under a small amount
of IM growth, was used to determine the collapse cases for each /M level.
The results of the PDF and CDF fitting of the non-collapse EDP data for
each PGA case using the existing lognormal model and proposed
3P-lognormal model were compared. For distinction, the lognormal
distribution in the previous assumption was referred to as the
2P-lognormal distribution. Two goodness-of-fit tests, i.e., chi-squared test
(Chi) for the PDF and Kolmogorov—Smirnov (KS) test for the CDF, were
conducted, and the test statistics as the fitting results are listed in Table 2.
Because the structural demand was more inclined to follow a distribution
with a smaller statistic in both tests, it was observed that the proposed
3P-lognormal structural demand model showed a better fitting effect

compared with the existing 2P-lognormal method for all considered PGA

cases.
Table 2 Statistics of goodness-of-fit test
PGA (gal) Chi KS
2P 3P 2P 3P
100 157.952 46.016 0.091 0.025
300 154.560 46.016 0.089 0.023
500 159.168 59.648 0.090 0.024
700 181.928 46.360 0.098 0.027
900 176.912 41.829 0.104 0.024
1100 142.122 25.653 0.134 0.030

4.3 Investigation of the distribution shape of the structural demand model
Based on the first three central moments of the EDP calculated using
Egs. (11a)—(11c), the relationships between the three parameters with /M
could be estimated as shown in Fig. 3. Specifically, the mean and standard
deviation of the EDP showed strong linear relationships with /M, and the
skewness of the EDP displayed a slight fluctuation around a fixed value.
Moreover, the skewness estimated using the 2P-lognormal model with the
analytical mean value and standard deviation (Fig. 3[c]) was
approximately 2.5, which induced a serious overestimation compared with
the analytical data. Thus, to address this error caused by the 2P-lognormal
model, the skewness could be estimated as a constant within the entire /M
range based on the analytical results, i.e., the mean of the calculated
skewness for all considered /M cases.
The aforementioned relations could be used to estimate the parameters

of the 3P-lognormal model for the arbitrary /M, thereby avoiding a large

number of structural nonlinear dynamic analyses that must be repeated for
each /M level. It should be noted that although the accurate estimation of
skewness introduced in this study required more sample data than the
mean and standard deviation, the dependence of the estimated parameters
and their relationships to /M on the number of records and considered /M
levels was principally similar to those of the previous 2P-lognormal
model. As shown in Fig. 3(c), the skewness focused on reflecting the
asymmetry of the distribution flexibly; thus, the proposed model, which
considers three parameters could theoretically obtain a more accurate

solution for seismic fragility analysis.
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Fig. 3 Relationships between the three parameters with /M

5. Numerical examples

A seismic fragility analysis of the three-story three-span steel frame
model (Fig. 2) was conducted using the proposed 3P-lognormal structural
demand model. Fig. 4 shows the results of the non-collapsed nonlinear
dynamic analytical EDP data for the six considered PG4 levels and the
estimated relationship between the probability of structural non-collapse
and PGA. Based on the analytical EDP data, the relationships between the
three parameters of the proposed 3P-lognormal model and /M could be

estimated as follows:

14 =6.16829x107°TM +0.000092 , (12a)
0 =2.88586x107°TM +0.000194 (12b)
a3 =0.74059 . (12¢)

The two parameters of the 2P-lognormal model were also estimated
based on the analytical EDP data. Specifically, the relationship between
logarithmic mean value (1) of the EDP and IM was given by a linear
regression in log space, and the logarithmic standard deviation (&) was
considered the “dispersion of the ground motions” to reflect the
uncertainty of the record-to-record variability; thereby, it was assumed to
be a fixed value for all /M levels.

Four levels of performance limit states (i.e., none, slight, moderate and

extensive) of the steel structures were considered, and the threshold of the



maximum interstory drift ratio edp for each limit state was defined as in
Table 3 [31]. The fragility curves of this steel frame structure could be

generated for the four performance limit states, as shown in Fig. 5.
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Fig. 4 Analytical EDP data and the estimated relationship between the
probability of structural non-collapse and /M
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Fig. 5 Analytical fragility curves generated by the proposed model

Table 3 Threshold of the performance limit state for steel structures
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nonlinear dynamic analysis at the considered /M level or the evaluated
performance limit state. From the comparison results it was observed that
the proposed structural demand model based on 3P-lognormal distribution
showed different degrees of accuracy improvement compared to the
existing 2P-lognormal model for different performance limit states and /M
levels. Thus, the proposed model proved to be more appropriate for use as

a structural demand model in a seismic fragility analysis.
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The Monte Carlo Simulation (MCS) results based on the analytical data
at each /M level (considering the errors yielded using the simulation trials
and estimated failure probability) were recognized as a reference of the
exact values. Specifically, for the MCS with N trials, the actual failure
probability with confidence level C, P, ¢, could be considered as [33]

05
(1-C 1-Pr vcs

P,C:P',Mcsip',Mcsx[*q’ 1(*)} <

f f f 2 NPf,MCS s (13)

where P, vcs is the failure probability estimated using the MCS.

Based on the aforementioned discussion, the performance of the two
structural demand models was compared with the MCS results with 80%
confidence for the four performance limit states as shown in Figs. 6
(a)—(d). Difference of the seismic fragility results estimated between the
two models at /M =« might change with the structural type, the

investigated /M level, the probability of structural collapse in structural

Fig.6 Comparisons of the fragility curves between the two models

5. Conclusions

A new structural demand model based on 3P-lognormal distribution
was proposed for analytical seismic fragility analysis. The model’s
performance was verified based on a large amount of analytical EDP data
obtained from the nonlinear dynamic analysis of a simplified steel frame
model. Through a numerical fragility analysis example, the improvement
of the proposed model on analytical fragility curve construction
considering the asymmetry of structural demand distribution through
skewness was proven. The conclusions can be summarized as follows:

(1) From the goodness-of-fit test for both the PDFs and CDFs of
structural demand obtained from the large amount of analytical EDP data,
the proposed 3P-lognormal model showed a better fitting effect than the
existing 2P-lognormal model and, thus, proved to be a more appropriate
assumption in seismic fragility analysis.

(2) The relationships between the three parameters of the proposed model
and /M could be estimated to generate smooth fragility curves efficiently.
Specifically, the mean and standard deviation of the EDP could be
estimated through linear regression at an arbitrary /M, and the skewness
of the EDP could be estimated as a fixed value.

(3) The analytical fragility curves generated using the proposed and
existing models were compared with the MCS results in a numerical
example of a simplified steel frame structure. From the comparison results
it was observed that the proposed structural demand model based on
3P-lognormal distribution showed different degrees of accuracy
improvement compared to the existing 2P-lognormal modal for different
performance limit states and /M levels. Thus, the proposed model proved

to be more appropriate for use as a structural demand model in a seismic
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fragility analysis.
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DIZxL, VAFALALFFS R (DMSO) 7% b=k U LHT
1%0.014, 0.011 EFIEFITENZ ERWME SN TS, RIFFETIE,
BB EAE ORI 2 B YIS, BRI EE IR AME Y DMSO #,
BROT & b= U ERKRZ AW TRET L7z,

1. L—Y¥—f&3% DCM

R ALY HEE

Professor, Dept. of Chemistry

R B AR

Professor, Dept. of Material and Life Chemistry
eI E A LR

Associate Professor, Dept. of Material and Life Chemistry
ek QIR TOAESERT

Guest Professor, Research Institute for Engineering
ek Ze BIFJER TAARTSERT
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2. 5 6-fs/NILAL—HF—3%

AKRFZRIAE LA 7 7o — 7 MER T, [/ — DEH L
L—P—Eb—2RATY v & —I2LpE L, REMEE (LR
i) BE LW 2 DD/ VA L—F =%, ik & Rtz T
WA, EOY, Bk E R E VD EEIHT-RE ] 55 f7 8 5
% — MiE (SD-FROG) 12XV, FhENO IV AREZFM T 5.
ZOWPETIE, 2 2OV A L—F =%, BBO fEsh T TR
BILOZEMMICEAALE CRESE L HCBI KO AT MLVE
Ra&, 200NV A L —F—NORHZOEE L L TEHENT 5.

WHBSOIETIE, A MICE A LRIEZRE S LT
5. 7107 =5 MV RA L= =L, 74V F 7R EOBE
EHEBT D E VR BMERS 720, WEREHIE AW S LD
BRBMEBE OV AMEEFMTDHLERH S, T DO, BBO fEih
DFANCATEE L OER LR C)EA (1.1 mm) OAFEKREHAL,
SD-FROG 5 5&#HE L (K2). fHEohiz2 ki~ y 7 TiE, &
FEREHOE—7N 0 IZETLTRY, EEGEORMOENIZIZE
WZ ERR SN, Fiz, UV ARERIEIL 5.8 fs ThoT-. 3%
K CRT RN VAL —=F—=H DAY bV BFHER LTS r A
TR ORI A RAMEIL 5.3 fs TH Y, FLFHIRAICE 2 WA Or A g
ECHEMTETCNDZ LR ENT. AT, ZofMkEET
TR SV A L — = E SR 6 -fs 7SV A L= — S LI 5.

~
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~
=
®
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|

350 400 450 500
BE (m)

B 2. SD-FROG BIE#ER
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3. L—HF—8ZDINDORLT - To—TJHIE

L—HF—@#E DCM (7 v A K) FWiREZFARL, KEE 1 mm O
FHREMITE A LT, 5 6-fs SR L —HF—HD ALY FLiT

DCM ORI A~ by ER>TEY, DCM OEFIRIEEZ — 7‘:+
FHEFRECH D (K 3). )y, -4 6-fs 7L A L —F —Je & B
LCh, Wi (DMSO, 7k h=FUN) OBEIREL KT
THZEEAAMRERTHD. KFxDOBREDOHRZ, HEE 1 mm OA%x
TACEAL, BEELTHY, Ny 277700 RAEEZIT- 2.

BE (m)

0.4
2 3
s

o
R 0.2 " :
: i
¥
0.0 e A
3.5 3.0 2.5 2.0
IXNF— (V)

3IRIRRARI KL (DCM-DMSO A iK:[RH#R, DMSO B8 IR AHR,
DCM 7Ehr=F)JLBERBRALER, 7= ILEE: 2R
EE8H 6-Fs INILAL—H —HARGRIL (BKIR)

HE RS RO R ABOLEZE (AA) 24, 5I1RT. B
HORETIE, WITNOBEHEEHWEEEICEL, Br i fnicAA
FBENHENLTEY, %4 6-fs VAL —F =BT LY, EFIR
AR Sh TWianZ Eprank (K4, 5 8B8). )5, DCM

WIROWPE TIE, HHKE 385 nm 2 BICEEEMIZIZTADAA 5
B, RERMCIZEOAAGEENENTZ (K4, 5KEAHR).

@ ®
0.04

(00.02

0.00
J0.02
-9.02

0.00

0.5 1 0.5 1 T YO |
m- (ps) lul (ps) MESE (ps)

X 4. DCM-DMSO j&i#& & DMSO A DR T-To—JHIEHE R
1 H K & (a) 365 nm. (b) 388 nm. (c) 413 nm.

b
(@ ®) (C)o..z

L---» - ,L____

0.99 {*
.

-8.01 i

I ! e 2 4 e 2 4
MEWNN (ps) MIERSW (ps) MESNN (ps)

5 DCM-7HEb=F)ILBRET =P LB EDOKRYT-TO—T
BIEHHR.
®RH KK (a) 365 nm. (b) 388 nm. (c) 413 nm.

/onfEEE, BE
i L7,
THRWT 50 fs OEEMSVEL SN, RIZ—
DCM H 3y THERDEETHD I L 2ERT L0
#&A7PE (20, 100, 180 nl/pulse) & FIREE K7 (0.1, 0.07, 0.03
mM) %?E'J”/Ebf:. FOREE, RhEEIRE, ¥ X OVEIREEE KT
L2RWZ EREN, ZHADbDEFIE, —tFik Shiz DCM B

DFHROGEREEZ KB L TWD Z ERRB I,

K 3IRT & 91T, %4 6-fs 7L A L—H =3 (350 ~ 450 nm)
ZHWTDCM e T2 &, Si, BE O S RiE~ BTN
fhitt S 5. BENEE%YE (CAM-B3LYP/6-31+G*) % M\ %5+
WO EN D, RKEftEEsE (HOMO) 1%, 4-7 3 7 AF U AEEFE
TIEMR L DIZ LT, REZEfHuE (LUMO), 3 XU HOMO-1 I,
FlvI=0Fr~n /) = hUANKRICIENE Z LR RENTZ(K6).
IO DFERND, FAREEIREE (S HREE) ~D HOMO—LUMO &
B, 4TI AFYALENSET =Y T r~vr ) = b LVEEA~D

T #®%, HOMO-1 N5 2 @B IRE (S2, S:ikEE) ~0EHR

(DCM) MR TH D LFEZ, RICHEMEEK
WEEOFIRITHK 5T, DCM IR TIE, MR
JeFbiE ST
(2, b e R EE

X, =0 Fr~u/ = N VRSO RPN (LE i) Th
LEHEREND.

I OFRERMREEARUERE RS, DCM % & Fhik ke ~Fhitd
T 5 & 50 fs ORFEETLEREND CTIRRE~EEERT D

Ihiz.

LR

(1) S. Hashimoto, A. Yabushita, T. Kobayashi, K. Okamura and I. Iwakura,
Direct observation of the change in transient molecular structure of
9,9'-bianthryl using a 10 fs pulse UV laser, Chemical Physics, 512,
128-134, (2018).

(2) S. Hashimoto, K. Hamada, I. Iwakura, A. Yabushita, T. Kobayashi, H

Fujita, K. Takeda, Y. Ono, N. Chikaraishi Kasuga, K. Yamaguchi,
Photochemical reaction mechanisms of 4,5-dimethoxy-2-nitrobenzyl
acetate analyzed by a sub-10 fs near-ultraviolet pulse laser, Chemical
Physics, 524, 70-76, (2019).  Front Cover #%H

(3) S. Hashimoto, R. Takagi, K. Okamura, A. Yabushita, T. Kobayashi and
1. Iwakura, Ultrafast charge transfer dynamics in the excited state of DCM
measured by a 6-fs UV pulse laser. Chemical Physics, 551, 11326 (2021).
Front Cover #£H
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A Project Management Support System under Uncertainty

Nobuaki ISHII *
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2018 £F 10 A e R RZLEMZEATICRE SN2 r Y =2 b
9 C IAREERN FICB T 27 rY 27 b= AV FOEREM
BHHW (LLF, KFR) <, 2oLk EZBRAR T Y =
MEFIRG AT RN BRI, KL WS ey FEHE
LR A L MO TEZ D TV D

VUCA R E & FEEH, [k S L 2SN B R BREE T2 d 5 B
FEITIE, WIZEED KD Hid. VUCA &1, Volatility, Uncertainty,
Complexity, Ambiguity DZ & TH 5. ZDOHBREETIE, o
Yl MERTOIREFRREFZFITAHMML TN, o=
FEERTLH TRVl b~ X VA FOEABREATWHS. Le
LBUR T, R LS HO Ty =7 b T, FRY, =AM
WRENEELTRY, YoV s MR8 EMHE BT 5
-7 ul e bR A L P FEOMSINEENT NS,
THETICEBEL L THEEND, 7udzy hvRxIP AU b
FIEICBE L TEL O RERBRERENLTVD. LLINETD
LA, BRBANCE S FE, HD2VIEEMRNMNEL, EEMHT
BFENR~ AP A NV AT LOBEE TIZIEE TR, &5
2, TrY=y MEEICLERRBREE RIS - e by
XYy —HEERICH S, COZ X, FTeYes o KRB
LML E D, ABOASORE~OBRSFHES X D.
Tavel MBRRMTHRROLZ 1L, ELWEROREICH D
LEDNS. ICT O#EAICEY, kvl Tulcy v F—4 L
HFHEREOLNDLIITR>TWND., LLBEoRsT —F L IEHIC
X, ARE, H5VEBHRANEREZEEND. FLTROOIE
MAFEZE, ez b2y —lMAOKRRIZE D &L ZANKE
W, bbb r Y7 bORIITIE, BRENDOELWT —F LI
WAEUE - B - T 2HT s, TNOEEEMICHOT L~ RV
AV MUERT 2V AT L, HOEWEFEORERLEL S X 5.
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A TEAARO ZNETORFFRREE LT, REEREFTY
nYxl NETEXET LI 70Vl h=FX P A PV AT A (L
T, PMS) 78 hZ A TV AT HIONT, ZTOHEAKRIGE &
IZHOWTIkR%.

2. JOMEATORTLOEKRSE

Il FOKRY - KL, TVl bR T =l
TS ES-oTHRY. T72bL, eV MEMNCEL v X%
VAV MNEBEXBETOIHIZARPMS X, T eV 2 bRV v —%
YETHVATLELEXD.

IhETTa Yl bR VY —EXETHFIESHDL NIV R
FTAHELT, f<iT EVM (k& 8, PERT 2L & LIF
BERBFE SN CWD. EREHETIE, Yry=s T — 2 OEH
LT —ZIZESEHET IO PMS OFHNEA TS, &5
12, TeamPort (https://www. teamport.com/)D X 9|2, F— LN THE#H
EEFLENE T2 FEFEH TV AT ABHBENTNS.
IIBHPMSIE, Y rY = FORABRIERST — 2 ZNEL, 71
VUVl bR VY —FFLOELIEAT I RN F—IZSETSER
AENPOIEREZRET DN TE S,

Ak, BRBREER T2l bvX VY —RINLDVAT L
MnTr7ey=y MEREZBERFNE L, BORHEZ T3 2 &3
RivE, eyl SORBAEHECEE S Z LT EN. L LE
W, Z2<OBETE, T2 ey Mextlyey=s kv
F Vv —DOBEBENCE > T, KB, Bt T2 7Y
7 FOEMS, AMARITHEZNTTVND.

1L, 7av=r bR Y Y — OB RICNLEREEERLOF T
HD. RIPLDLNDLIEI, FB—HRTERTELI T rY =l by
2V X =AW OZERLETH D, TOFBITITE VN
EELOBREET L. Thabb, BTy aYes h~x Vv —
T EEICED M, R R 2D PMS skdbns. L,
BRAERMPEST 2O NETOPMS T, BRAEO TR Y =7
PRV —DOXEE L TEL ZHFHETERY. Trdzs hvx
X —BNEBIREEZITIEE, RBERERFTD, HOIWVIEIRBERE
NWENDRRINERZRT R E, MR Z oH L, BRI
WEEXBETHI AT ANMBELEZD.

AR THREED TWDL PMS O N F AL, T ad=y kb
ATy IR LTT e Y= FORMEERICHOEDL AT A
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L, FEVas hv AT v —OEBRESXIET S Al (Atificial
Intelligence) FiE & W7o A D B2 5. Al Z HWTT — X 1T K-S
SWEERRIMANREREZ 7o Ve b3V —Illm L, BERE
EXETOHMHATHD. Al AT DI E BE 22 & T
N OO BRI 2 5 Z 3 FRE & 7R D

#£1 TaY=zs bRV —OFEER P
BEIR M
I ala=kF—ay, FL¥UrTF—Tay, KU
Fak TRY AR cuYa bRV A T ErER
AR .« R
U4 AR, U 27 Ok, U A7 ~oxti
7uvxs b THRY A A= E A e ST A
B3 el voMEE | - REER - W BE R
- R
ITECEEIR | - K - BE - R
- T
Bfifdhk | - HFT 2T AOEBMH
-
— R BE
ES7: - RAEY, BEF BUGEEAR Y, Tuves FEBOKR
FRER CTVAZRELTOTRY 2 R YAV MERR

3. FOLEA TORTLOBE

Ta NEAT VAT AOIERGEICESEBIENEFOT 2 b
BATVAT BPERNT D, BT a N TV AT AL, FHE
EfflcBW T Y=/ bR Uy —& T H PMS & L TR
D TND.

RYATLTIE, AT —7FVF—BOaIa=r—ra 2
MEH¥TCHIET, Yavel hOEET—XICFELTar =7 b
DFERIEZHW TS, 2OV AT ALY P27 bR v—
%, VAT ANBAT = AN T —MOaIa=r—va U Rkle
I TEBREIC OV TE RS 22T, REREEO 72D O XIS
ZHWTT 2 LR AREL RD. MEtT o v FF AT URT AT,
K1lzRT 212, 3200 8— b 7b.

THRPLR—F1TIE, 70V=7 NF—2ONEE TV =
MR OFATZAT 5. 08— M, BIELFIH I TV S PMS
OHREELFLEE 5.

N—=F 2T, I EBEOT a7 b T —2n0HET
nYes et T s, Ml LBl r Y e 7 b oiisk & RIT
TuYel N TF—F LN, Tuv ey MIETERIK O
HIEZITD. OB, BICHEEZRTIZT TR, ZOLHITHE
LEEBAZREO T2 Y= 7 FHEI LWL CHRAT 5. I4E,
UF—hT =7 oNRN—F ¥ L F—LMEOERE, BHREOT Y &L
BIZFEW, RETIEaIa=r—va VBB T2 0T —4 R
BAWMHEE 2> TVWAH. AV ZAF AT, FALDTF—F2 270 <
7 N OSEBRIER 2 HRT 2 72 DIIE AT 5.

ZLT—=h3 T, S 2 0HERREGD, TP 7o
I NOT—REEMTH. EHE LT —X1%, fkoyeyes b
OEICFIAEND.

TeBiEET — 2 O EIEHE TIE, 7r N EA T URT AR,

FuYxs NETBBICHETS, RV FORE T LR
WA R D L AKS D L ERER L.

Ta b IALTYRT A

o TV NEBTELLER
F—4 alazf—varns
)& S

o FHEEFEEOERLN ST R
Ve I T — SO

o CREAEETST mY =
[2%iiifis]
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B FE, DX XA LY A MafMEx V=TV v DT
aY=s b, FrYes bR YA NS 2021 FERM
FeRFRE TR, ID 1307, 152-153, 4> 7 A U BAfE (2021).

Liu, G., Ohno, K., Yokoyama, S., Ishii, N., Project management
evaluation method using the log data of inter-organizational
communication, Proceedings of the 14th International Conference
on Project Management, ID 2C13, 1-8, Kumamoto (2021).

FHEY, TREEETr Y2 MCBTDALEFE 2 N T
F—OFRMEE), HARMEEFRFE, Vol33, No3,
pp-105-112 (2021).

W, NHEY, GIHEH, EhERTROESERICK
JAEELRORE, FHRY AT L% 17 BeEKE -
MR E RS (FERY MET v /8R) (2021).

5. F&&H

BRBETIE, 7eV=7 bR VA h~OHHENEED —F
T, BRBREERTe ) b3V —FLLABL LTS, £
DI, N ER LT —F 2 EAT52CrrY=s hox
Tx—ORBAREEM D) ZENWHFZ L. RRTIE, T HIEHIC
L BF - PMS DT v A TERBN L.

AR EHIET H LT, Tl s ORI E BRBIIITOT
L7 Y=y b3y — R 72 308 & 9 B (A o
WMANRREICRD EEZTND. TOEDIT, Fad=l NF—X
DU &, & Al FIEEZHOWIESEE Y AT MO -
WFoez L T\ <.

SE XM

[1] Tuner, J. R., The Handbook of Project-Based Management, 4th Ed.,
McGraw-Hill, New York (2014)

[2] Project Management Institute, 7' 7 ¥ = 7 b~ 3% ¥ A b AIFR
%744 K PMBOK #A R % 6 i)X, Project Management Institute
(2018)
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Long-term measurements on heat sources for hot water supply in a hospital

Shizuo IWAMOTO"

1. AROEZLEW

EBHOBMIZRBIT 5 R I VF—HEEIT, BAR2ED 10%
PEEZEDTND, KT AW TIEABEGRMICET 5 — kT xL
F—HBENPKREL . BOEED 30%ICRSHEEND Y . T OHI
MARD LN TN D,

WMHGRIEICET MBI X—1F, BEEL DO R X —
IR MR DI = R L X — 2 N2 TAROBR TR L TR bR
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Th, IRIEBEIND ZENEE LY,

AT CIEBA BRI D KRB 2R BEIZ 3817 5 BEMS (2 X 2 FEHI

— X %2020 4 5 AEMS SEMICOR 2T — 4 2 AFTE
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i, KOBZINX— LR BERNY — U EBET S5 L BARM
ROHKTH %,
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BPUL AV, THLIZIE I —Y = R b— a3 VIC K DHETRRKT
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D, EHICAET DA% TH4 - TH5 (2 DK AR A 7 BHI & BH2
RO MASN TRBE1T 9. FEHFBERICIE SN T ARE
DR L K4 7 RBJROIRE L IRAKERENFHIE N TR Y,
BRI OERRAR I AR L, B RELMIT TE 2.
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Toward the Realization of a Human-Centered Artifacts
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DT LI LTS,

TR (Vol.2)) ICiE, ¥rnRy bof&e LTEMEo
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INET, Ry bR ALSAZIZI LD E Lz & £ SE 28000
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Bankruptcy prediction model using machine learning
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D2 ETHREIEND., Lo, 2 BEEOEFRTIE, BEoOREIRE
EHOICRETERVWEAS LSS, 22T, BIETHET VESE
BACEHL, 7% 795281k, EOMBRIEMD
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FU—=r &M 3 FEOREREHWIEAR T —AT 4 T L
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WERZEHNZABLT — AT ¢ > 70, FHIfEIED Accuracy &
QWK IZHBWT SVM LV bENFEREZ /R LT 3 FEO AN 7 —
AT 4 U TITOWT,  CPU MHEFTRER & AEEE OB bRl 3%
L, LightGBM X, fhOAE T —2 T 4 7 L0 & KIgICEETH
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Theoretical Design and Its Application in Microwave, Millimeter-wave, Terahertz-wave, and Light-wave
Passive Devices for Next-generation Wireless Communications (The 2nd Report )
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[3] G. Mattaei, L Young, and E.M.T. Jones, Microwave Filters,

“Mobile Communications Systems for
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Impedance-Matching Networks, and Coupling Structures, McGraw-Hill,
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[4] S. B. Cohn, "Parallel-Coupled Transmission-Line-Resonator Filters,"
in IRE Transactions on Microwave Theory and Techniques, vol. 6, no. 2,
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(B 1). ZTHUTEER LOBhOERHATREME L L THERSRTWD
DB, TOMEA N = RLTERLE LY ) SACHLNIZSH TN,

AK7ma vy MR, T/ 28080 20E0 7 Lix i
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AHFFETIT MD §5% VT, SWCNT O MR Z2RMNICK % i L
7o & X OFEN E RRREEZ KD, ZNbE~ 7 v Rk %D
(D), QORI N LM & bl U, REFSETHWZ MD BHEE
TNER2ICRT. ZOETATHE, SWCNT Oz 77 = v
MO DRI B L, AL SWONT 24N 2 /K Tlili7z L7=.
SWCNT & 75 7 =3 & bICZEMICEE SILTWD. KiayT i
KT DA TOBRIR T EARFERFICELWRE SO )% SWCNT
DOF =785 (K2 0z 5m) 125252 LT, SWCNT [l
ICIE)ZEAPZ AL L ST,

F 9, MD FHEFE RS 5 SWONT N D K5y T- OB fii 2 Ko 7.
—fil& LT, B D=1.93nm ®» SWCNT HfE @I BIT 5 KD
T oA 2 3 (1403) . (DD B3R & 4 2 Fiel o0 A (B 5 O f )
LT D L, SWONT W TOKDFEEILZER FOEHIc BT 5 %
FEEERZ V. F7- SWONT Z2if OBESTFIC BT, 22D EE & W
BEOHEBROBNNREEL TS, Tabb, ~7akiiikh%o
M0 72 Lo BEFEL TWD. 2D X HITA T RABVEAOD
£ 7% SWCNT Oz 5 272 & 2|0 72 LoSMnwiEd 2
T &, TR THE STV DM E —BT 5.

WIZ, SWCNT N TOKDEREREQenrZ KD 72, M 41T, K (2)
& U 7 R B B 00 HY K 3R Qenr/Quop P H B R A7 1 & AR T
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AP =200 MPa TiX, SWCNT DK D IZHR & 3 ELAL 7= iRk O
ETHY,DB/NENE E Qenr/QuopPIEIZ K E V. — AP <100MPa
TiE, D=1.15nm ® SWCNT N O KIELFERDIK (ice-NT) itk %
U, Qent/Quop ST U172, Qont/Quop 2SI 3 % A T I,
SWCNT WEB®D ice-NT ([EAH) L AMBD A 7K (REH) & OFEE
ROWNDBGT HN D, FITKAEIZ AT ice-NT TIXZEFEE & D
MOBEBRE N, REOFEENEZLNS.

2. SWCNT (Z X /K% MD 58 E 7 /L. K45 1121% SPC/E £
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3. SWCNT WO /KD ik 5347 (D=1.93 nm, AP =100 MPa). 3LF]
728 MD FHE O A B b FE. Kb ok (N-S) 1%, A1)
PHTFHENDIFHESFTHDH. ZDOE EnT 300 K TOLT K
DfETH % 0.854mPa-s & L. AifE (N-S*) TiX, BEHICoOfiHE
BABRMIZ/R S X5 EEEL, 2»onp=13mPa-s & L7z, ffi
ABIIE SWCNT [ & Wt i o 4521

3. FLHESHDEE
MD FHHIZ LD, SWCNT BEEBEOKBHROHEE 22 & (W
DR LOFEMERREL TWDZ L), BLOEREREQNIT~Z 1
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R LD PHMEQu_p L LR L T 1 Z UL ERE VT L 255
Ehiz. F£72, SWCONT NDKD ice-NT i & &121%, RIKEED
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NoEOETFTAEH NS L, SWONT Z[EE L7ZET V& TKSIS
T OBRESAAICATRLDEDNRBENE VI RELH B, 5%IF, =
DEIBRHEETNVORYMEE U ) BAICHFT LA 5, SWCNT
BB~ 7 v itk ) OMFEDRIR 2 Mt Lz,
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30} . o 3
a .
GI
~ 20L 4
5 o
o L -
10} & i
[ ] - Logfog g b goa goao g goa-y
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i kT @ T
- @ W @ B

4, IKFETFE B OB K FQent/Quop® SWCNT HZREFEM. TXIX
SWCNT WIS COKDIEED AF v 7> a2 » b, D =1.93nm TIXAP
AR & T ARITEN ISR KR OHE TH L. —J7D =1.15mm I2B W\ T
i%, AP = 200MPa TiTELN7-METH 5 DITXI L, AP =20MPa T
I ice-NT #iEZ B L TN 5.
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M5 9.58 L/min-L & L7z, ITMEEIL 795kg/m’ & L=, ZOGAED
JTIIVE 2 BT 5.53g/min & 72 5. H/hZIRIEOFEH S EM O E
#ELH, RKEVWZEREE L. EEMERNREAOFELIZIE VA
BERBR B ORBEN DI WEFIREBISES <. K, ERMEDHIX
BTN KW, 22 TAENE 2 ARINEAOEBI 23 L. BREEE 1
BEC1H 4D 0REMS 2 ATV, E#%IZ2 BT 2 AMATS Fig-
4 L5 DREBRBENE RIBITARED AV a— b Lz,

Horlzontal Total Solar

&lg Radiation (W/m) Infiltration Equivalent

Total Gap Area 400 ](cmz)
Leakage Exponent 1.5

Outside

:>Wmd Outside

3

—l
Zone2  Flow path height

4.68m 4

= ng <
pLa '.4 3.43m <«
< __ Gas A d

T

Zonel Stair
onel Openu{{g 2m’|

Gas 0.925m‘j

<—2.5m—s«—3.5m —>
Y

===

=
>

Air flow rates network model

f 10m: f
Thermal network model

Fig-2 Thermal and air flow rate network models
for measurement simulation

25 | Outdoor temperature

o
%

""""" Total horizontal solar radiation

Temperature (deg C)
=
o o
- N

<3
(&)
Horizontal total Solar Rad (W/n?)

F.t F il ; i S
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00
Fig-3 Outdoor temp. and horizontal total
solar radiation

Heating for the 1st floor

4

2

Heating (kW)

0

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

=N

'S

Heating (kW)
]

00:00 12:00  0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 O:’OO 12:00  0:00
Fig-4 Heat generation in each chamber
PURETIE & 70 0, BEGEHE R A AE L, KBTI 1
R ARGV, 1 A 250m3/h, 2 BT 300m¥h 06 EUBE R & L
oo SOICEBT LRER D2 OIXBERPIE FETH 5.
{BBN - M- T ADNE R L 72 TRIGHE 2 20 - M Aml i a i o e
77 I NETS TIT\, Fig-6 IZ@W 2RO A5k 2 R~d . a1 (9
B Td DM, HENICBBR D720 KRE V. E2 1S 2 IS
PEERPH D &2 fk L7z BAREZ R, 2 LT FRERIEAELT
EQAYNAN



120

o

CO2 Gas (L/min)
o N B o ®

— Gass release rate for the 1st floo

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

o

CO2 Gass (L/min)
(=T S e - ]

~~~~~~~~ Gass release rate for the 2nd.:.

0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

Fig-5 Carbon dioxide generation in each chamber
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Fig-9 System identification models of heat and gas transfers
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Table-1 Estimated equivalent thermal capacity mi,j (kJ/K)
of each chamber ( i:row, j:column), former results are in ()

Chamber 1 2
1 2802 (3307) 0
2 0 3008(3244)

Table-2 [ W A E RO R EDHEEFER TH 5. FME~F 2 72Hind
DMK RIS, N E & REO B RO R 201 - 725 0
JRRIZZ2 > TV D, BERPICIRRMAZ T 20T, BHomELE D
PR I3R S 7200,

Table-2 Estimated air flow rate gi,j (m>/h) between chambers
or outdoors (flow direction: fromj to i)
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Fig-8 Temperature change in each chamber

Chamber 1 2 3 (outdoor)
1 0 0 310.8
2 60.83 0 300.0
3 249.9 360.9 0




Table-3 (%, Table-2 DJAE %, ZEXBEO—bBa > ¥ 7 X

WCHE L7 b D THDH. 0 Table-3 OD—f{bEva L #2722 %

D, (12)ROMBLRMEDRNRIEICEETHAE L THES
ns.

Table-3 Converted convective thermal conductance ¢, .p*gi,j (W/K)
between chambers or outdoors

Chamber 1 2 3 (outdoor)
1 0 0 104.1
2 20.38 0 100.5
3 83.73 120.9 0

ZLTCORE AR/ ZRIETHRW T —RILBAa X7 2R
cij % Table-4 (CFR T, FERITIFAFMEELFFOZ LI/ D,

Table-4 Estimated generalized thermal conductance ci,j (W/K)
between chambers or outdoors, ci,j=ui,j+c,.p *qi,j

Chamber 1 2 3 (outdoor)
1 0 186.9 290.7
2 207.3 0 297.7
3 270.3 318.1 0

BEE WA 7 2 2 A uij 1%, (10) & (11)F A5, Table-5 DERIC

FAHREEND. ZNBIERHIEE OO THIREENHETICEE S
TW5.
Table-5  Estimated overall heat transmission conductance ui,j (W/K)

between chambers or outdoors ( ui,j=uj,i ), former results are in ()

Chamber 1 2 3 (outdoor)
1 0 186.9(174.4) 186.6 (207.3)
2 186.9(174.4) 0 197.2 (210.3)
3 186.6(207.3) 197.2(210.3) 0
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WAHREE Table-6 (IR T. ZH 5 b A FH CRERICK LALLM
1K 12% N EDDOIEIZR > TV D,

Table-6 Estimated coefficient ri,j (m?) to chamber from heat source g3
(horizontal total solar radiation W/m?), former results are in ()

Chamber 7,3 7 i,3(m?)
1 13 8300 (9.871)
2 23 8.196 (8.954)
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AT LIRGERE R Table-7 1%, #E SN BHEOMYMARLRT. BE
WEAOMEE () (RT A, ZEAFHMET, BRI L, EER
1% B 7%/ S < 70 0 SEERVERARD & LTz,

Table-7 Using double moving average, Estimated equivalent

thermal capacity mi,j (kJ/K) of each chamber ( i:row,
Jj:column), former results are in ()

Chamber 1 2
1 2982 (3307) 0
2 0 3166(3244)

Table-8 1%, Al U< “HBEN ¥ &0t L7- 0 ABE R OREMIZ X
LRBEOHEFBRCTHD. —EBIHFHOHELHBERLTHD.

Table-8 Using double moving average, Estimated air flow rate gi,j
(m*/h) between chambers or outdoors (flow direction: fromj to

Chamber 1 2 3 (outdoor)
1 0 0.8758 310.8
2 61.41 0 300.0
3 250.3 360.5 0

Table-9 (%, Table-8 DA &%, ZEXBEO LB a2 7 &
ZICHE LD TH D.

Table-9 Using double moving average, Converted convective thermal
conductance ¢, .p *qi,j (W/K) between chambers or outdoors

Chamber 1 2 3 (outdoor)
1 0 0.2934 104.1
2 20.57 0 100.5
3 83.84 120. 8 0

Z 0 Table-9 (2 X 2 (12)RXDOMREM% F/h “RIETEE L, FA
/N IRIE TR — LB = & 7 B 2 R i j & Table-10 127,

Table-10 Using double moving average, Estimated generalized
thermal conductance ci,j (W/K) between chambers or outdoors,

cij=uijte, pqij

Chamber 1 2 3 (outdoor)
1 0 182.5 298.8
2 202.7 0 305.2
3 278.5 325.5 0

BEEENa 7 2 v A uij X, (10)& (1) 5, Table-11 O
IZFHE SR A.

Table-11 Using double moving average, Estimated overall heat
transmission conductance ui,j (W/K) between chambers or
outdoors ( ui,j=uj,i ), former results are in ()

Chamber 1 2 3 (outdoor)
1 0 182.2 (174.4) 194.7 (207.3)
2 182.2(174.4) 0 204.7 (210.3)
3 194.7(207.3) | 204.7 (210.3) 0
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E BT H I BRAHAEE Table-12 12 £ 4. 2B 566 “EAF T
WK LG TIEN 5.7% NS D OEICR Y, —EBENEY 0 =R
DN HEFEEN TN D,

Table-12 Using double moving average, Estimated coefficient ri,j
(m?) to chamber from heat source g3 (horizontal total solar
radiation W/m? ), former results are in ()

Chamber 7,3 7 i,3(m?)
1 13 8.983 (9.871)
2 72,3 8.777 (8.954)
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Fig-12 Former system identification model** made by sinusoidal excitation predicted the 2nd floor air temp and compared with measurements
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Fig-13 Single moving average used system identification model predicted the 2nd floor air temp and compared with measurements
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Fig-14 Double moving average used system identification model predicted the 2nd floor air temp and compared with measurements
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