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Chapter2: Sharing the Image of the Analysis
for Rebuilding Process of Building Groups
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Setting of the initial group

a) Building information...a completion year, structure, a tax legal life, an
empirical life, the minimum in-service period, a physical life

b) Administration information...a cycle of large-scale repair construction,
decision-making between “Stock” and “Flow”

¥
Extracting agents by ages of building <
¥
Setting of network scale between agents by Power law
]

Distribution of reward by random number

a) Giving...—1

b) Receiving...1(Flow), 1+Extra reward(Stock)
v

Extracting selfish agents by aspiration levels and fill up vacancies randomly

¥

Redistribution of reward to the same agents generally

Number of cycle=9

Yes

Selection by reward of all agents as the socially-accepted idea
¥
Spontaneous mutation in order to secure diversity of analysis

v

Rebuilding by decision making

Fig.2-4 Flow of modified downward-OFT
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Table2-1 Scenarios for rebuilding processes in building groups

Scenariol  Average passing years of buildings in the group increase 3times in this century
(2015-2100).

Scenario2  Average passing years of buildings in the group increase 2times in this century
(2015-2100).

Scenario3  Until the rates of agents oriented for “Stock” are 30% for all agents, the increasing
rates of average passing years are same as them in scenariol and extra rewards are

stopped subsequently.
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Table2-2 Character of selected building groups

No. Wave of RC Wave of S Predominance of Structure
1 Type D The Others Number of RC > Number of S
2 Type I The Others Number of RC > Number of S
3 Type C The Others Number of RC > Number of S
4 Type R The Others Number of RC > Number of S
5 Type R Type D Number of RC > Number of S
6 Type D Type I Number of RC > Number of S
7 Type D Type D Number of RC < Number of S
8 Type D The Others Number of RC < Number of S
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OB ZRIREL, v - RYOKDORERS), Jp : BERTOKRGIH, ap : KR, wys @ 3>
7 U — FRIETOWRPRKE, wyp : IO TS SHIOKE, h : BRSO IR O
SARDIREEE KRBT DR S ORTE bR

(QVBKSrERLARHT

ZIC, KOHHBENS, ZAURTOKOBENZEET DRI R AT 5 &, RSO
E UToEHE - BREE B OEVKERSNTY, MAROGICE > THEZLEH, 27 Y — M shbie
EoTW5D 34, ZOBICHAWEZRIE, 3-45~51TH D,

%

Iz

b () 5= s (5 + 5 (4 5) (545
c-p-Z—jz%(r-%g-g—Z)+:—x<(/1+r-/1’Tg -Z—Z) (3-46)
Mg =2 oRyT - (62;5 _ P #) (3-47)
Nig =g - (1 /(%) - g) (3-48)
Ay = Ay + 2y (3-49)

1= K% (3-50)
Xr = Xrg (3-51)

ZIT, pw  KOWER, ¢ FEEKE, p KEFERT v xb, ¢ R4, x (L, A, o)
BLICRET 27K M58, AL  REARICET K8, T R, c: B p: LWEE, r . Z588
B Ay wARUIBIT D XA RESR, 4 BMRER, AT, ¢ IRAEABUI BT D 5HHK M RER, A
BAIRER, R, : KRKDKIREL, Pys @ BIFVKRRUE, Ay : p AR DHAKRMESR, K i3
VN

BL, BIFICEDE, MARLOFEITIREAR & KM EFRT 3 v VAR DK MEER K O
RIOMBEEROREZ, WAURBEE L BRURERE V57280, {OBREN ) % KZERITE S L0 LA
ThY, EETE L CHIEN 2 342, BRI, BEi)E LTOKGRT v v a b TEFE LTZ I
T, KUEFRARSTIRIC BT D AN, ARE K OUKTRICE K HERIZEIT 28U EGIC K> T, Buksy
HRLOFHTET L AHEEE L T D 349,

Puw " 5258 = Vg -V, + VA Vu (3-52)
COT 4 (Cyy * juw) - VT = VA VT + 17, - Vg - Vi, (3:53)
—Ag 5 = o+ (Ha = Hws) (3-54)
Ay Ay B = (T, = T) + 7 o (Hua = Hws) + 4s (3-55)

ZIZT, puy : BHRGIOLLTE, 0¢/0u - KOGEE, p: NEFUKDRT 2 vb, I, 25 05K
FAHBEE, w, : KOBRT o UX b, A RAEAKMRESE, C : MEIOHEL, p : BEIROE, T : i
KRR, ¢y, - WRARKSTDEN, j,, @ WFKDE, A @ BMREE, n,  FAE(EEN, n,  EREONREIE
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BT BV, A KGRT 2w VEITHT DAHEER, Wy o @ AFRZEROKDET VXV, s
BERREOKDRT Vb, a @ SEMRER, T, : FAPHZEROEE, T,  BEREOEE, q, ;@ %
B
UL, ZALEM T OBUK S OBE AR O B, ZAUEOMILE &Rk, B E L CERRIC
WO W THE TH DD, AMFFETIEAR L T IR N THITEARDRANC R B 72D, — B 5T
?5 ARFFECIE, OEVE KOFITIZ LB L 70 250, HE, B ﬁﬁ%v»@ﬁﬁ%iﬁk%w
, @z 7 Y — NOZEfRE L KROYEEMEROFERIIFR A 15 D BRIy N b A VD720, FEfETHE

>%$¢é;k,@ﬂ/&)%h$®m@%@giéﬁﬁﬁm#,Mﬂ@%ﬁﬁ&%ﬁ#ﬁ%%ﬁﬁmﬁ
RZEINT £ 2 N OBERIREE D H NDIREEZ A e g2 ATREMEN N Z E AR L, iR H OFIEIC
AN, HIEREE FOa 7 U — MANOKDOFEIIET 57 —F N—AEFE LI I, [T —F~—
AMNS, YRR OERESLIGRREED D b D L35, [FHTAIL, BUKSERET OGRS
MRS T LRI B 278, FEBRFERO KN &N DGR OMHTET /L OIRARGGRE L, BESROM
DEFZPIT DT & OEHKHEDOTEEE &\ 5 TASROfT OFE % [RIFRF R T& 5,

3.4.2 KOBENDEESX

EEEOFMNTCHLDS, £7, a7 UV — MNOKOFEENIEET 5T —F _X— R LT 5720, Buk
SSEREAEATIZEA L, WekilEfRi L Table3-2, HdiiEfelT Table3-3 0).? IKVERFRITET D, FRATII G
MECEDbDE L, BENZET DI L2 B, STERAD L, WoKRFD A v 2% 2.5mm, E7
VZI90% l%1mmm,ﬁ%ﬁ%@&ob,é@ﬁ@%%ummmb,MEﬁ%ﬁ 10mm, 400mm
100 #, 3,000,000 7 &35,

Table3-2 Parameters of analysis for water absorption process

Porosity 0.120, 0.14, 0.157, 0.17, 0.180
Relative water content (%) 25, 40, 55.6, 70, 85

Heat transfer coefficient (W/(m? + K)) 16.0, 19.1, 22.0
Temperature(K) 273, 283, 293, 303, 313

Table3-3 Parameters of analysis for moisture desorption process

Porosity 0.120, 0.14, 0.157, 0.17, 0.180
Relative humidity (%) 10, 45, 75, 90

Heat transfer coefficient (W/(m? + K)) 16.0, 19.1, 22.0

Temperature (K) 273, 283, 293, 303, 313

FerPDZERER 0.157, FRTEKE 55.6%I%, W5 O 33005, JLHEE KR FBERAFF et w5
FHREROET — 2 WGEBR e v 2 —D 7T 7 HdiEm i AT 2 [GSYS2.2) W CiitA it~ 7T, #4
fmiEEfREL 191 Wim2 - K, =27 U— MIBRERT, — 70 BMRER A E LT-ETH 5,
KA, BIHOFBRAMRIITHR L2 7 ) — haktgil 35720, 5 Wim2 - K%Y Th b, DM
ElE, FRUCHGOERRERAEES LT, FHINEWRED 27 U — NROKOZE) 2
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5 L xR AR, EEICEDTETH D,
KIZ, |JFONT—H =A% b LT, 366 ROBIRMEDMGT B D EHEEL T ONEERED,, 1, (6) &
WE LTz b, SR OREARERNC 3-57 Ko7 L =7 ZAIZ 4 T3, ©8E5H5,

alw®)] _ @ IHO) .
2Ol = 2 (D () - 222 (3-56)
Dyyr(8) = Dy, (6) - €xp (——W (;—i)) (3-57)

ZIT, ¢ WEEL w(e) BGOSR 5 EAKE, T ar s V) — FOMSREE, D, (1)  EEOEK
HEAERHREEZIS T DROIEBAREL, x 0 TEE, Dy (8)  EEOEKE L BRI KOS
¥, E, : KOVERUZBET 2 AT OFEMEH TRV —, R [URER, Tp « FARRAE

ARFETIE, BT, HEHE L A DIRHARE 2 220 L Bk ROBHL L L GREILT., 2Ok, Aok
(CECAORBU IR O ORERA RS, R & ~ESRAIOMAEIZ L > TEELL 72 2 & 215895,

ZO LT, HONTIEEE L BURIDERAATIC L D MATRIE O &R ROMB %, Wk, Hdmisf
HC Fig.3-9 1T, HABRFOFENIAEC L > T, L<SHITE T D, WKKAT, @@k Tk
EEDE, ARHTORENH R OMARH 523, WENIE, 1HE 1 1 ORSHBEHIALRE L T
2o

0.12 0.20
n wm
73 0.10 @ Eﬁ 015
o ox ]
22008 2 E
= § 0.06 g § 0.10
Q Q
+~ O +~ O
g 0.04 g5
o 9 o QO
= 8 o g 0.05
&C; 0.02 O Analyzed data % O Analyzed data
= ——1:1 line = ——1:1 line
0.00 T T T T 1 0.00 T T T
0.000.020.040.060.080.100.12 0.00 0.05 0.10 0.15 0.20
Water content by the Water content by the
approximation (m3/m?3) approximation (m3/m?3)
(a)Absorption process (b)Drying process

Fig.3-9 Relation between water content by Ozaki’s method and water content by this
approximation method

3.4.3 KOET IV

AT TINTIARAT B, FRIE UCRRICER T2 50T, HaS0s, HNOs, HCl DIEATE
EEATVND, BERRICEE LT, B DNEFMNIDEMEIAE LT b, WERICBIIEE L, P
EEIDEH L C, AN AR T 288058 5, LFRUGE LT, 8-58 Ui d Ca(OH)z &
H2S04 DIIHIZ £ % CaS04 DAERK, CalOH)e EEIHE %D 3-59~61 U ~3 CaCOs D53fiE, CaCOs
EETHE D 3-62~64 U9 CSH 225 D SiO2- XH20 DARL & 349, 3-65 & 11 3-66 227~k 3 HNOs,
HC1 @ Ca(OH)2 & ORISR & HoS0s D —IRKSUEEE L TND,

40



Ca(OH), + H,50, » CaS0, + 2H,0 (3-59)

CaC0; + H,S0, - CaS0, + H,0 + CO, (3-59)
CaC0; + 2HNO; - Ca(NOs), + H,0 + CO, (3-60)
CaC0; + 2HCL - C,Cl, + H,0 + CO, (3-61)
3Ca0 - 2Si0, - 3H,0 + 3H,S0,

— 3CaS0, + 25i0, - XH,0 + (6 — X)H,0 (3-62)
3Ca0 - 2Si0, - 3H,0 + 6HN O,

- 3Ca(N0O3), + 25i0, - XH,0 + (6 — X)H,0 (3-63)
3Ca0 - 2Si0, - 3H,0 + 6HCl

- 3CaCl, + 25i0, - XH,0 + (6 — X)H,0 (3-64)
Ca(NO3), + H,50, - CaS0, + 2HN O, (3-65)
C,Cl, + H,S0, - CaS0, + 2HCI (3-66)

WERIE, HaSO0sDE/LS33AS, HNOs £7-13 HCl & D “4yEAIE TR 0.4 LLE, HNOs, HCL o
ZRORATETH 0.3 LLEDSE, CaSOs OB RS, HNOs, HCl & Ca(OH): DA ORI &
BT 2720, HILOMETIEIRIZ/R D & OWERH 5 | 340, fKF10 HaSO4 RN FIEZ IR T 5 &
DHEINKENE: 55D 72 7230 340340, SZE T CSH D /3 fiFDIESIRER & OBEROSROPE L DAL &,
CaSO04 Dt FOIEBFEE L& 2 i, BMEROMEIIRH ST 2ol

LoL, EFEOFRE T, BIEE 22 5E 0 00% 2 FTRISHUE D 2 S fMERSivTn g E 39, R Lo
2%, TR Tl pH3 % FRIZEE CHIO CTHIRISNDBR 39 ThHDH Z Lnh, B & RROMNR LIZ
XV, BHEET TODATREME S GE SV, BRMZNT 2 &, BIERICL 29D ) 27 %,
BERRODBS T2 CHErT 2 DIXREECH L L 52 5,

ZITCE, BNTOBORELEDT L, BERICED 227 V) — FOBREOEEITEDNT, HE
FHEDBRDYEE % TEWD, 3-58~66 OGN L HZEMEOIAEZRET 5, BIh, HELH FOEY
AFEZAGICAE ) BROOERUL, BEtoxIga s L, a7 U — MhoKFAR O b & SR
DORENEE DEALI T RS 5 2 & ik b, 7283, Ca(OH)2 1L, #HH, FHRA & OE 320 322|ZHEL,
JFRIE UTRBIRAEE T, BB ONE CAIEEERIGT 2D & L, ZEREOEE, HFEEE)
P72 CaS0s, Ca(OH)2, SiO2 -+ XH20, CSH IZ[REL T, #8T25, F/, BEZMRF D 3-58~
66 XOETOIGHEE R, MHEOHZE CRHT 2 DIIREECH 5720, 22Tk, O—moBEfRTcay
70— N ERIGT DRTRETHD 2 L, CRERDETT MIMEFERRE N L, @ HmEATED
FOSMEIRRRZAE U D 2 L 390D, (RIS, BT LD 1 2T v PN TETDORIGHEET 5 b0 & L THT
W95, 728, RIfICRR L72ARZ, a7 U — hOMEmX 91 A CEET DT, REUGDEA Lk
N DREA LK E RIS LN E D & 5%,

3.5 COz DREENHE:

CO: OREENHZ SOIHO RN CERILT 5 £ C, AU QWAL ERET D HERH D, /I
Mozl RISV T, Ca(OH): & CSH OJSHIERIEAES % & ST 3590, FHHb
DOIFFEAZBWTBIFEEETH S 350, A BIE, SiO: « XH0 FOKDOYEO RO S, CSH » C/S
b, JEPHORIREE, CO2IRFEC X A SUSBREO RHERMEICALE L 2D, AFt & AFm % CSH & L CF¥)
LT, BUGEREZ 3-67 ATRILL T D 350, 22 C, ABFIETIE, ZHaH 50X 320HA L
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72368 RUZ L~ T, CO: DBENBEZEBLT D,
R(®) = kg - exp(20.7 - A(D)) - [CO,(D)] - [CSH(D)] (3-67)

A0 = 2 (Do, (1) - 2220 — ke - [€OL(0)] - [Ca(OH), (D] = R(E)  (369)

ZZC, t: K, R(t) : CSH OEHtIZIIT D SUNERE, kg @ SiOz « XHoO OUSHEE, A(t) : FFH]
t 12315 CSH DRI, [CSH(t)] : Bitlticdsir 2 CSHIRE, T : 27 U— NOMKREE, x
RS, [CO, ()] il 361 D COREE, Deg, 7 (8) : IRFHIE, HERHELE TIZH61F 5 CO2 DALBEREL, K, ¢ #0GS
JREE T 123515 5 CaCOs DFUEEE, [Ca(OH), ()] : FifHlelzds51F % Ca(OH): L

ZO LTI CH B3, CONbI=bT 27 U— bR EEE 2 B % EBRAIFZE A T,
TNENSK T T a—FNnE LN TND, LEESNDHDIE, BKRELZBE LI-ZEMEL CO DILHL
FBEDOBURTH DN, Bz, &bA4 7% Papadakis HOR0E, AHHEEE I U7z Kelvin 801 F D
FFLISARD TG L, ZFOMIEEHRITFERHEEE S U E S OKBETEDNAIED S & T, MifLE L
ST ORI E LT, WATIigdREE EX b LT 5 352,

Dco, ~ 1.64-107% - e1® - (1 — RH/100)? (3-69)

ZIT, Do, : CO2 @ﬁxﬁﬁ%&éﬁ &y WL LToE A Y hi— R ROOZEIRE, RH - FAXHRE

UL, [RIZGEH 5 DNZBENRE O K ORI ILE L TR 5T, BMOFEEZEE L2\ & Hﬂ%:
THERAMECNT D, ZOfh, #iE L7 Yoon3, #HHH 320, Ffefa 3225 DRF%ETH WIC & OBIRIEEIC
EMLTNDN, 27 U — MOFIKER OZERRER & YEHREE BhEf T 1212 > TR,

ZOET, HEABIE, MRS D O DRI Z 1.3 15 LT BT, SUKEEOIERREZ 01252 L %
B LU TR ZMIE LI~ E R AZEAL L TR, 4F#EThs 359,

D¢op, = 0.33-(3.62-10'2)” — 0.33 (3-70)

ZIT, Vo BKREEBRE LM LE

ARFZETEH ZAUTHEL 573, /IMES DI IFHOMHERFERR Th > T, — b DI AL D7
Wb, BUKIZESZRWES S, BT OSEBS B L7220 AalReltE S 8 572, FEEDZIEC DN T
IKmni D, €I T, MRIBEOHMEIIEARTITI bD L L, MORTOIEUZIBWTHILBEO FES
£ D2 EEGTHIC, MO ORERNITERILT, @ricitdsbol Lz,

Deoyrs(®) = a-exp (b (8(t) — w(t))) 371)

ZIC, t W, Tp o FEMEEEE, Deo,r, (6) : WEEIE, AECHEEE TR (3615 5 CO2 DYLHEREL, 6(¢) -
e DZEBRE, w(t) : FEtDEARE, a RO ESE, b : EPROER

NI DAL, VD ORMNBRT=T —2 00, KOYEHGREOGA ERERZ, 7 L= 2H||
DRI —EREFT, T 5,

WIZ, CaCOs DEUSIEE K, \ZONWTIY, ZETIEOTRERE M G, A vy = SRR &
ST, WERETHULERS D, TREEHICR2MELH D0, AT, TOMOMENESZ 4T
RIE LT BT, JERETC, Bvh A K Vi r, BIRET 2 HD LT 5, 728, [RIEROIRERKLT
PEIZDUWTIE, Papadakis 5O 359%, JLHERIIAIERC T L =7 ARNZIEEL L CRELT 2,

Tew =H-R-T ky [0H ]oq - [CO,] (372

ZIC, 1oy L7z Ca(OH)2 & CO2 DEUGEEE, H : Henry B4, R : KUKEEL, T : IREE, k, :
COz & OH-DUSHIE, [OH 1oq @ HFHD OH-REE, COz : 5HHOD CO I
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F7-, CSH OREHMUIZHOWTIE, BIEETHo72T — 20720z, Ca(OH)2 32 TH AL L7-#aH
T, AHLD 367 X 3NHEL TETTDHHDE L, TORELEETD,

3.6 Cl- DR BRI
ClHZ, MHFBREREORIAKFIETIE R, —MEREO=T7T oy VAEL, ST D22

T DKNHGE LTcA A DECIEER 5. MR DR LD &, Cl-ear s U —
FORISZ, CODMERT D Z LBV TERY, FlxIE, AN, 7V —F VEIEOARII Y S [EHE

?® Ca(OH)e DIEHNT L 2 IREELONNE, REMEIZAE D 7 U —F VM B O Cl-Ofift, =0tk DOfE

EHEB O U A FRH LT D 350, ARFZETIE, Cl-0> AFm LSO KFI~DOWEPERg S, —k
AEC pH D ZIRERE, O, T /UbORIGINE Uiz b, /MRS DR LT 0% CO:
[ A WA L g o= W T 15 N (10107 - B 2 i

alcl—(t)] o alct—(v)]
. a(Dcr,T(f) T ox )
—Kkpr - [AFm(@®)] - [CI7 ()] + k- - [FR@®)] - [CO,(D)] (373

I, ot I, [CU(0)] : REHeD CHREE, x i RS, T 227 U — FOMSKHREE, Dg- 1(0) : FF
Wlt, HoHERE TSR 5 Cl-OIEHUREL, Kpg @ 7 U —T VERIEOARUC BT 2 SOGHE, [AFm(t)] :
it D> AFm IR, k- : 7 U —F VORI IC L 5 Cl-Of I B9 FOGHEEE, [FR(E)] : e
7 V=TV OWREE, [CO,(t)] : Wifted CO IRk

72¥, BGHAARRO AFm R, —KAESHREE FAEZ 2R L0 CA OFENHHEH
L, AFm OF/VEE L Cl-OF/VRED 2770 1 O 9 L/ MEFY, 7V —7 VEHENER SN DE
whHz, TICEET 2, BOSEEEC DWW, (U A FEAR L L3\ 3, A e R Lo
WFIEIBR DD 7-8, (BT S ClAMETH D Z L AME L, AMTEOHIETIE, ClAEEL7-HS
TRISINTE T2 D ERET D, —7, 7 U —F NVEHEDRIUIZ ST, HARIZ Ca(OH). <2 CSH
DRI U SO A 42 C, Claliithd 2 b0 L7 5, 703, Cl-ooH BRIz L T,
£ H 578 Einstein OPRCA Debye- Hickel BEii CHiET 2 D23k & Lo>ob, NaCliREIci S g
LIHICE D728, AT ClRfREE G- 2 LITHEL, IRATRELT 5 39,

Aci— g

2 g2
Zion'F

Dy=R-Ty- (3-74)

ZZT, Dy : CLOHCHERE, R KUKTER, Tp : IR, Ag-r, @ FERET 285 Cl-
DEMBER, zipy - AT OMEL, F 1 7777 —EH

ZO LT, BT DO EEMIET D720, EALOEKRIZET S 3-75 Xs9%, fthlFk
BRI TP L T, 3-74 AU Uz 3-76 ANAaAG T, WaanT OILEERE ORI E LTV, 7233,
EEDREY, CO DYLBFREIARRIS, 7 L= 2RIl L TR 5,

D/D, = 0.0032 - 10°025w (3-75)

ZZTC, D EKROFEEMIE LTz Cl-o B CIERRE, w: B/k®R

A _
Der-irg(£) = - 0" - exp (w5 5) R+ Ty - 5528 (876)

ZITC, t W], Doy (8) W, BSYERIE T 123600 5 CLOSEBRE, w: ADEE, 6(t) -
el D2, v PR OEE, o @ EPROEE, w(t) : Rt OEKER
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3.7 MR BILET NV OREE
3.7.1 F L —RRROEGITE

ETIVORGEDT= 0, HABEFESOHERE 35028, PHGERRBORMLE LT ST
DEHEOEERAIGE D, FENTI ST B EHE TREZRAET & 399, 4H)1[ 5 359, fiER 1 360D A D
kL av 7 ) — FORERREZHET 5, EEORBIOWTIL, BRESROPELRE W), 4
HECHIRTHHDL L, ARREETIIRERE LR,

FHH &SR RO TIY, Tabled-4 @Y ThHod,

Table3-4 Specifications of measurement conditions

Kimoto33® Sasagawa3 9 Sasatani360
Area Tsukuba Niigata Kanazawa
Direction South, North Upper Upper
Member type Wall Roof Prism
Passing years 8 15 8 22, 35 5
wiC 0.55, 0.60, 0.65 0.57 0.65
Specific gravity(g/cm?) 3.15%6D 3.15%62 3.13
Specific surface area(cm?/g) 3,26036V 2,980362 3,230

FHOE A NOWEE FREREIL, AFTS LIS OFmUITRE S TR, BFEEEBRET 5
THEHR72N20, AL MO HP3WAESZIULEIZED, HREIEFR LA ——0% A NI, K
SCIRKEIZ CSA SRIEEM AR Lz 2> 7 U — b &2 FWZRR S 30 581 LTz, £77, LA,
WAL BT KA FEELT, CsS % 51%, C2S % 25%, CsA & C4AF % 9% TRl & L7- 363,

3.7.2 fEFTOFIE

HARR 22T BB L, APEROTRRAIBIRE 7322\ T2, T EOIRENEZ 5 2 & 2T,
BRfRAITAT Ko TR 1 LI AR 2728, Rf#lIL 2X 103 A, ZRITFE A 2.5mm, W% 5mm
THEI %, FREDFE T ICHDUNERL, BHERAORZEORELEOT, Al XOBEEHO
JEIRE LA L, (RS SR L= A O 350D 50 450D 1 2 5.2 %, £, ik, SRS
@ Ca(OH): DIEFEAS, 0.1mol/ m3 A2 EE L= & 95,

BREGREICEL, 2 ZETIC—WE A LT, ERXCHAT 2RENREREESF Th 2K,
FERN D72\ H OFEXHEEELL, 30 OKRGITBIRFTOZFEM O 1 R HALOBHNE, CO JREEIIRTH
TR LT SRR OFtER D & 2 <G T RBIRIFT O 2 -V 5,

F7z, BEROET /UIDOWTIT 4 FETHRRT 223, AFrRERZELIHD 1 R AL OO D
HHE, FHENCEEIZ L > TH 25, RO OWTIE, BREEE DR OIEMEE RO HaS04
& HNOs DIRFEDORITERES & Rk 10~24 FOMIBIREOR ME, HIAE, HAKE, 10, 25, 75, 90%fHE
HARLTNDHOT3, ZZ T, 2<IEMaE B HHIORRE ANTET /U1ET %,

AL, SREDOEEZ KOS DX A F I v 7 I L 5 Z L I3E T, HifiE s 25 J5% 75%
i & DN REREER A 2ARE L TR AEA 15 C, 3-77 AT K-> TFRILT 5, 7235, HaSO04 & HNO3
DOIRFEDOZEE T B L7203, [0 HORZEETIZIIT S 10 FHOREIZ L 5 &, BRI AIRD
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TEERIRI A LI 3 2 FARROZME AT 5 72 369, @A BIRME % 3-78 2 oM 5, HCLIZ oW
TIEFHRE SRR S TOZRVS, T HaSO4REE L D 1 A —F —REWEREZHRE L TBY,
75 CITEF 3B TSR AT ORFZE A & L ITERH L7257 /M2 361) D HaSOu 692 HCLEE o024 &
HIF 0.6 L/hE < 360, LG THEERZADMFONDIEM B2V, 2 2 CIHEHO70, HaSO4RE & [Fl—
DEMVRER 525,

[H,S0,(t)] = [H;S04,,, | + SDu,s0, - N(0,1) (3-77)

[HNO3(0)] = [HNOs ., |/[H2S04,,, | - [H2S04()] + SD' 10, - N(0,1) (3-78)

TIT, ¢, [HpS0,(0)] : R 612351 D, BERNTO HaSO4IRE, [H,S0,,,, | - FERNHO HaS04
IREEDEINE, SDy, 50, : BRI HaSO4IREEDEUE(RZE, N(0,1) : IEBIEEL [HNOs(D)] : Wt
(ZF1F 5, BT HNOsBE, [HNOs,,, | : BERITo> HNOs#REEDFFANE, SD'yyo, : BERNHIO
HoSO4REEIZHASE, HNOsIREA KD HEHT, HNOs IR DIFHEREE 1G5 T2 O DEE

7P, BHCET LD iEE R LIZSRIE, BHEOFERRICRBW TS L oM R L~ b
TEAINTODD, BEEARECORWBEMICIIEHI SR OEE & BEEEGE L2Wz), A5 ThH
%o BERNET MVERKIC 4 B CHERT 223, AMEORES, AVKUR & R A4 a, fHheE, EilE Goff
K DAF DD S 70 5, PR D D 3-79~83 OMMYAKUR 39N L > THH D,

Tt =Ta+(@-1-))/a (3-79
a=a, + o, (3-80)
a,=56+39-v for v<49m/s (3-81)
o, =7.2-v078 for v>4.9m/s (3-82)
J=¢g5-0-(0474 —0.076 - f*5) - T,* (3-83)

ZZT, Teqe : HEANKIRE, T, : AMKURE, a : fEMREO BRBIIGE, 1 KPFHHRE, | &K
W, o EEMRER, a @ BEBMRER, o @ MEMeER, v BUE, e @ b EMEREHORR
FEBEWEN=, o : Stefan-Boltzmann OEE, f : Hixhin

fighro 7 v—%, Fig.3-10 1T~

3.7.3 fiRHTHE R L M

fENTRE R %, Fig.3-111RT, 7ek, M - A R OVMOSIEORE R T 5720, HARHEEES
DA HEEREZ IO Bl (CLF, AT R0 3VORERBIFET 5,

FIXICIBNT, AEOFRREORIFRET ALT KLV 1138<, FEE Vit Al KXo 7#1c, fEI
e 2 L ko 7HIOFT —2 T Al L HIEMEISE Y, WTFHETRONHEDZEIHENTH D7,
Al XVEEW CRat 2 B 2 IFEFEREICEA LW aIC L&, NEME ThDH EE X 5, R
L, AEE, mAEOREEEZSTeARZT SO 15 FRORE S & ) L AT 503, IEDEEDIE S
DR E V| 5 OFER & OBEEPEHR,

FIDIE, FAEEYORRORIALE T DI O P LR S ZHIE LT D72, FEARRICHE
LI TITRL 72 B8 TH DD, XH, MHTEEL 0 BB MER S D720, FRERZRER MM E LT[
et ® B,

3.7.4 BUEBREDOEEN A ERE LT BT
FIT, ARIR, L OREICRET K0 ICOWTIE, BIESIBBIAAL TS D EE X,

45



Input of information about Input of environmental data Input of material infor-
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Setting of temperature of concrete and water content in concrete

v
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v

Calculation of diffusion of rain water, CO2 and CI- in concrete
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Calculation of reaction of acid in rain water, COz and Cl- in concrete
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Calculation of reaction of CO2 with CSH
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Modification of unit volume of capillary pores and cavities in concrete

A

Fig.3-10 Flow of deterioration analysis for concrete

RSB OZENEIN E LT, JISAB308ICED LAY b, B, KOS HEEHOIZS X
DH B, HACHEH &L ZEKE, BHEOMTICESL, F@EFR/L T2 KA Y hOREREOEER
7% 20em2/g3 67, FHEH OREAEOERK H AR 2.6%309% 5.2 C, REOELTANARY I 2L—
2 UEITH, O, BUSH TREOEBERIYE, RO LA SET 2AN/ERT 5728, fatoxt
GHNET D, Eo, SNRIXL HARE L, HEREEUSNOEENT, HAARD 2 550 1 ZFEHERAEL 35 1E
HESTH 2, B A bOREEED 2,600cm2/g & TEIDEE &, HAKEDFHEFHE & D7) 20kg/m3
A DG, BEINLHDOETD,

oo EBRLARiDZERR=R, Ca(OH)IRE D%, Freedman-Diaconis VAIZ L% B DIF
CEFT B L, Figsd12 O@h L7, FEONRL WIC T 0.48~0.67, Wifirt A MET 300~
351kg/m3 L7V, SAlEA RO EAEI R 2 FIGI TR T 5 &, 243 T 45%, Ca(OH):z E
T 15%ITET D, [FfERE, AR SOMHARE SO SV R OB DAL= 7 U — R OFFUYE

46



16

4 ‘ /
14 2 7 4 o Kimoto-This work

é 12 4 s Sasagawa-This work
A 2 0 Sasatani-This work
= 10 o s/ .

2 o | 0,470 o  Kimoto-AlJ

i ° > ,3'/,/ B A s Sasagawa-AlJ

E’, 6 g ,// I o Sasatani-AlJ

S 4 = Regression coefficient 1:1 line
< 9 12}1138 Workll(i?%?(flizzll(é)é)) — — - Regression line-This work

0 o e - - - - Regression line-AlJ

0 2 4 6 8 10 12 14 16

Measurement results(mm)

Fig.3-11 Comparison between analysis results and measurement results

6 6

~5 B ~ 5

I, A R

Q (<]

45 4 “cg 4 A

~ ~

T : l\

=i <] 3

) 5}

: / : |

- \ | F [
0.12 0.14 0.16 0.18 0.2 1150 1200 1250 1300 1350

Porosity Ca(OH),(mol/m?)
(a)Porosity (b)Ca(OH)2

Fig.3-12 Frequency rates of porosity and Ca(OH):

JE & WIC OBMRIZE TiEwD, 27 U — NOIEMEREAHEET D &, EEREK 9%I12324 T 204 CTh
Do

WIZ, FHEFREG & ZERRAEE & DI L, REd AL XU LT, P ERS DIEREE R,
HIEM &R, Fig.3-18 1R d, FHLOE TANME K2 8 4EIE, /N2 35 AERFDRERICEIL, AE,
AT RIZ LT, WTIFFHBLTETND Z L0350 5,

AIMEZ BT DR EN AR AR ChH D L B2 DD Z b, Flbz AL 5 ER
HIZRRRRT DRI &, AR AT LIS T DA ARIEOGENED, FRACHER CE /2L E 2 5,

KM, AEO FIROIBIEN, TGRS 15mm (3 LIRS TR T 5008, #8CL 0 BT
DZERREE, FENTIE, JEHEREDSEIN L2728, R LT-bDThH D, 2 COmEHA A URHHRHIE,
Ay ya, ISEECHNTCE BRIV OT, —IHERA L2 WIC THHZ &, D7 & HllE

47



D
~ . ~
g 20 -~ X Sasagawa
A —O— This work
§ 15 _— — O— This work-Max.
.g 10 _——"| --o- This work-Min.
= L--0 —e—AIJ
2 A
5 5 " —0—-AlJ-Max.

- -6 - AIJ-Min.
0

0O 5 10 15 20 25 30 35 40
Passing years (years)

Fig.3-13 Carbonation depth of assumed mixtures
AR EETHERELMERLIZZ LD, AFEHICRIL, BZ T, STRIEEEIE L 2D o7,

3.8 /N

AETIE, S 7 V— NOBELLORATH D, a7 U — ML D850 BEEDIERIZ
MBI 7 —F 35 2 L2 ERLT, — o ar 7 U — MUEHT2/MIZRE LT, K
L[PD COs, BAMERNT HaS0s, HNOs, HCL, =7 &/ uhod Cl-ZHhiH L, 2 CaRRIEE H L
FREAZBWCHER STz, T4~ A =V ZIURFELTODD, IR E R — L7272, Ak,
BEHNZANERT DMIER % [F)— DA TR O Z 3 ATREE 72072,

[FIRHZ, SNBEEOANTIRRO 7 LX) T4, a7 U — hopE} - JHEERICET 1 2 —
T o —AEMR LT LT, BRHREE, BNEBEIORE VMBI ~OBREE, a7 U — Nl
DS EEB OO BN TR M E LT,

AEOEE IO, BARER O 7 ) — ORI LIRS OFBRFEREFH LT, AIJ KA
S EOREMELND 2 & AERINCHER Lz b, ATMEOEBNERN 2B U R b B8
5L EMERTE TV D, BEHI~OBEIECOWTIL, BB O T, FEBRANHE
RUTHPHAOHET IIIEDINT, B AV MKFID 6 JTFEOZFE AT LT-FH] 308 H Y, 2
U — b OEAAERI OB AR B B RIS RSN T, B A OB R IRIR O M 21T
S THRTERRWH O L5,

L, BEED =7 U — N NI ORETT /WY, WANEHE
MECA e INE & FRTEFZA~DREICL Y, VLD BRI 5= TR
0, RIEOEAEE B TE DET /UIML STV TR,

AREORE T, EREROFHROID, —HOREET WCHRBFN T T u—F 2L 52 L &R
B ST, WETHE, BRI 2 R L 0HEC, A7 7 a—FIc o0 G L,

i, BUROBCE, AHTEEIOHE
e S L S Al (e Y | [ a2

48



M FERR L2 SR TR O

- KEBE S (Powers) DFEBANEZefEEER,

< S, BPA S (Parrot) OfLZERED KRN DRIER

- EES O Wall effect, 7'V —F (v 7 /KEZE LT-BEBEROR TN
« JRIRF DY EAE DEK ST

P« FHAA S D CO2 & Ca(OH)2 DU EE F TR

« A SO CO2 & CSH OISDOHER

- Einstein @ Cl-0® H CHERGEREOF ER

EE S OEKRIZL S Cl-o B EALBEREOMIEEDOEER

SAEAT EORE

« %G KREH D CO2 & Ca(OH)2, CSH, 7V —F VK ORIE, =7 2y Lo Cl-& AFm D
ek B 7V —F LR oAR, BT HaSOQs, HNOs, HCl @ CaSQs, Ca(OH):, SiO: -
XH:0, CSH & DOt

« KO - SUSAIFEE F RO R

- R BRI (REE - 2X 108 H, 253k : 28 2.5mm, Wi 5mm)

o PEAVER S - SRR & D Ca(OH)e DPEEEAY 0.1mol/m3 Al Tz U7 B

« IRDPLEGREL - Feliy & DB B RT OFEFRD DK, TR Ul

« CO2 DYEHEREL: - /IR & DFRFEIRNZFES < Heff B D) HIT{El

« Cl-OYEBRER - B CAEBRE A & ARIZ L > THIE

« FHEBEREE O DT - - BAHCHIR 2SR B O BEL

« BRCHLRZERR & - - FLRZEBR ) O B /K B 28 U 71

« BRI ZERR B D RFRERAFE - KO B IR L C, Ml 91 H OKFIEIZ X DA HEHEL L,
DM B DI

« BERR R OEEMER 7 O BUGTESL: - B RF AL CR BRI I SG

« COz2 & Ca(OH): DFUGNTESL: - - Kot & 22 2 LD JEIE & BB 28I (A v v = & RS
WARATT D EH)

- Cl-& AFm OFUGEE: - Cl-BIE O E T BRI BUG

« 7V —F VK L CO2 DSUGEE: -+ CalOH)2 LRI U EE

REORE. 7 L= ZH|

- Ca(OH): DB - - k54

« CSH D fxf{b: --Ca(OH)2 DAL 5E T # I ZBRA

« Afm- TKOEEA R L RO EEZERINE LB O CA ORISR

« 7V =TV - Afm OF/MREE & CL-OE/VRED 1/2 O 5 B IME & GE

AR 7 U — NRBEUE T ABROUS x5k

« CI-® AFm IO KT ~DOWAg- oW RIS, —ARAES pH 50 = IRAJELIR- - %54+

<SRG, BERIOZ20 N H OFERHEE - a7 D OKSITEIFTOZFE M O 1 BEREALOBLHIHE

a7 ) — FOIRE- - FERYAVRIR

- CO - - EBRWIRI D8 D $> 5K G T BRI O

« P RERHIM O 1 R BAL ORI OE O R Z, FHALCEENZ Lo TG (FRRRFTRK,
Z OO

« BERDRSY - B S EH OATERI O R OFEEELIR O HaSOs & HNOs O, HCL O
EEIHRIC HoSOs LRI T

BER

3-1) AARREGL 2« $k = v 7 U — NSRS OMAGKEHE Liast (22 - [Ffg, 2016

3-2) Intergovernmental Panel on Climate Change : Climate Change The IPCC Scientific
Assessment, 1990

3-3) fEEEo: = 7 U — OFHA I TOBERRY T-INE & BdEfigtr  $kfh= 2 U — Mgt
BEDMANETRNEZ BT D78 (£D 1), ARG S Ram CilR4E, 5 428 75, pp.1-15,
1991.10

49



3-4)

3-5)

3-6)

3-7)

3-8)

3-9)

3-10)

3-11)

3-12)

3-13)

3-14)

3-15)

3-16)

3-17)

3-18)

3-19)

3-20)

I, Yoon, O., Copuroglu, K., Park : Effect of Global Climatic Change on Carbonation Progress
of Concrete, Atmospheric Environment, Vol.41, No.34, pp.7274-7285, 2007.11

X., Wang, M.G., Stewart, M., Nguyen : Impact of Climate Change on Corrosion and Damage
to Concrete Infrastructure in Australia, Climatic Change, Volume 110, Issue 34, pp.941—
957, 2012.2

L., Peng, M.G., Stewart : Climate Change and Corrosion Damage Risks for Reinforced
Concrete Infrastructure in China, Structure and Infrastructure Engineering -Maintenance,
Management, Life-Cycle Design and Performance, Vol.12, No.4, pp.499-516, 2016.4

S., Talukdar, N., Banthia, J.R., Grace : Carbonation in Concrete Infrastructure in the
Context of Global Climate Change —Part 1: Experimental Results and Model Development,
Cement & Concrete Composites, Vol.34, No.8, pp.924-930, 2012.9

S., Talukdar, N., Banthia, J.R., Grace, S., Cohen : Carbonation in Concrete Infrastructure
in the Context of Global Climate Change -Part 2: Canadian Urban Simulations, Cement &
Concrete Composites, Vol.34, No.8, pp.931-935, 2012.9

FEAGRSE, AHESER, ey, BPOESC MEW, 3RE— vV TFo—T = FUAT LEIS
MAUEERERY R 2 b—ya U RHEC L a0 7 ) — FEERESE OB ]I, HALCA %
228 Vol2, No.3, pp.222-228, 2006.7

PR, RN - a7 ) — MEEMORFRBIAA T TS AT LOREEE, ApERT
%¢, Vol.55, No.11, pp.777-780, 1999.11

FfEFNG, IR - FRENRREOMIGL & PRI O 2B OfFtT, PRIEHAIZEITRE, Vol.31,
No.3, pp.37-70, 1992.9

AL, HEfUHEE, TEIERR, R RAEHOE TR IR K D E 2= T 7o
7V — MABIOWE S RFEIRDUCE T 2508, HAREFSHENHRESE, Vol22, No.bo,
pp.377-380, 2016.2

BAEN - KUREE) & HTK, HIKTFEES, Vold7, No.l, pp.5~17, 2005.2

FUHLISERE - HEERIRE LRTRE & 21 ikl D RURZEE) T, B AHKE L A 258, Vol.8, No.2,
pp.113-114, 2009

RANED « XUEEEhORERTRE, FIURAFZE, Vol.11, No.3, pp.101-111, 1972.10

T., Ichikawa, T., Kimura : Effect of Nuclear Radiation on Alkali-Silica Reaction of Concrete,
Journal of NUCLEAR SCIENCE and TECHNOLOGY, Vol.44, No.10, pp.1281-1284,
2007.10

IREEST, ARET : 2027 U — MO O TR, B ARG RIS R U,
No.593, pp.103-110, 2005.7

INARiERST, HIIRAE, TESZGL « BREESAHN IS DR 7 OENRBI DU N Tk 7 & k%
FOMBESEH—, KR&UHYFE5E Vol.14, No.10, pp.401-407, 1979

AR —, AW,  WE - =L —04RL - BEEETY « ISR D8Rt o 27
L, TARFESE, Vol44, No.627, pp.13-25, 1999.8

G50, BHICETE, ErBu, YR AL R oSk a7 U — RO EEITICRIET
BB DO, BA Vb - a7 U— MERSUE, Vol.63, No.l, pp.443-449, 2009

50



3-21)

3-29)

3-23)

3-24)

3-25)

3-26)

3-27)

3-28)

3-29)

3-30)

3-31)

3-32)

3-33)

3-34)

3-35)

3-36)

3-37)

3-38)

PERET, B« 2227 U — oI ET T FIIE T L, 207 U — P IR, Vol.2,
No.1, pp.125-134, 1991.1

HRNTF, AN THRS, FHRIR, B A ECC : MM LR LD = 7 U — S o E 7L
(B DMI%E, = U — B ARG, Vol.27, No.l, pp.637-642, 2005.6

A, Bl BRI SRR S S < 22K O pH RHIET /L, ARFEHRSC
42, No.648/V-47, pp.203-215, 2000.5

T, BIZE—  HRAIEE IS a7 U — ORI E T L, TARTSm R,
No.520/V-28, pp.35-45, 1995.8

THIE, BRA, ANR—HE : =27 U — N ORIFUARES & HEREME, TR 46 [BUERFiGE
THE, pp.478-479, 1991.9

AP, HEREE = A A o R SREPBI OB OYREIEIRICEI 2478 (IV) —KE A Rk
BLUORTZ T ORI D a7 U — FOYERMEIR—, EPENFZE, Vol.38, No.6, pp.269-272,
1986.6

AR, HHEREE = - Al A N RMPEIORER OILBIEIRICBI T 20178, =27 U — I,
Vol.24, No.12, pp.91-106, 1986.12

T.C., Powers : Physical Properties of Cement Paste, Chemistry of Cement, Proceedings of the
Fourth International Symposium Washington 1960, U.S. Department of Commerce,
National Bureau of Standards, Monograph 43, Vol.2, pp.577-613, 1962.9

RERARER, B =, MRS, WS, KEUEW  AFIROE S IRERFMEEZBIE Lo A v R R
MBI OA A ARG TRIET L, EARESSUE, No.725/V-58, pp.131-142, 2003.2
S, AATERS, BRSSO MIIESE, (UH—K: == A I —F A FOKFBIG
BT 2HE—AL b T o R A L b OKFIERECEE 20198 £ 1—, AR
&R SEE, Vol.75, No.650, pp.681-688, 2010.4

S, AATERS, HHmESE, BRESG O MIESE, (HHE—K: 7 IRx— MEB XU 7 =5
A MEOKFIBURIZEIT 2095 —a L b7 > R X > hOKFEEIZ BT 2098 20 2—, H
ARG R U, Vol.76, No.659, pp.1-8, 2011.1

NNEEEEZE, PIATIRTS, FaAMEAN B EHOEBHE S 56 L OLERROM S EEFEDORE, &
Ak ar7Y— MNastE, Vol.63, No.l, pp.308-315, 2010.2

Hugh], mHE—, REREEEH, KEMEH : & A 2 N REER B ORIEIIEHTIZ 3T 27K D
VB BRI O, a7 U — P T FERERSCE, Vol.31, No.l, pp.835-840, 2009.7
NREEZE, SRR AR RO ZE MR B LTz 2 7 U — b ORI O THIET
b, a7 ) — NIERSEE, Vol.16, No.l, pp.11-21, 2005.1

FheEsh, RANFRRR, TAME : SRS < Sfff Bk 3 K OB PR bt L O
1A A OUEBAREL, ARSI ESE, Vol18, No.40, pp.847-851, 2012.10
MHUE, @b, Ry, BOESC: Tkl as 2 U — NROKS I TRRNOME, B
ARG R U, No.619, pp.21-26, 2007.9

Z.P, Bazant, L.J., Najjar : Nonlinear Water Diffusion in Nonsaturated Concrete, Materials
and Structures, Vol.5, No.1, pp.3-20, 1972.1

PRIIZER, BAME : R E D 327 U — N OKIy OB & i < B3 2178, ToARSS

51



3-39)

3-40)

3-41)

3-49)

3-43)

3-44)

3-45)

3-46)

3-47)

3-48)
3-49)

3-50)
3-51)

3-52)

3-53)

3-54)

3-55)

3-56)

AR ESE, No.316, pp.145-152, 1981.12

FRHZS, RRIRUEE], RSOTHR : =/ 2 VO - TR - WoKERIZ BT 2 KB E), ARG
S, No.420/V-13, pp.61-69, 1990.8

FEETS, B, NBI - FTRREED D ORIl 5 207 U — hodEKRE (11
M THIE LCoar 7 ) — bOEAREDORKGET 0 1, HARE SR CREE,
No.412, pp.1-8, 1990.6

BRESE, /NSEFMh, R, $RHE— RATEEE, /MRS, RS mEORR L a s
U — b - B85, GBRC, Vol.30, No.l, pp.24-32, 2005.1

R, ZHEE, 0T, fEA -, e, T, ks PlE KR T iy
JZ X D SB BT IR OBRE) )—, A ARG GRS, No.488, pp.17-24,
1996.10

FRIRER=, ZHER, FEAET, FEA T, JREIRE, BEMT, SRR ) &S - K
Wi B LTE - KOGBEEBEIRATE T VOIS, HAREEL P IUNSSHEHE, No.36,
pp.157-160, 1997.3

JemhE, HINES 2 A VERR D SN IR DA B IREEHEE A B3 2 JEREROITE,
AR HATR A4, Vol.15, No.30, pp.389-392, 2009.6

EAEARER, 1, AHE RABOERIC L 28 A v MRS L2 EhoRE L £ rHis
DETIMUEIT DIRGT, TARFESHSUE E2, Vol.68, No.3, pp.133-145, 2012.7
IR, TR BERNIC L D a7 U — MEEMOSHEICEET 584, a2 Y — |
TR SCHESE, Vol.13, No.l, pp.615-620, 1991.6

EE RS, HEEE S BRMKOER A% T 220 7 U — FORER TOY LTI, A
EiCEE, Vol63, No.l, pp.27-41, 2007.1

BREEA  BBERKUGY: - BAMER RIe=4 U v 7 Pk 20~24 4°1), 2014.3

P, R, SRHERES, SIRHLE  BERICE 53027 Y — MEEm ORIk L Z Dz
B2 EBRAOIZE, TARTFEISUE, No.634/V-45, pp.11-25, 1999.11

IR 27 ) — NORBAMUIZEET 20198, AR AR SCEE, No.433/V-15, pp.1-14, 1991.8
o, A  HRZEREE & RV - BN B IRE RIS L Te a7 ) — h DR
FALSOSTET IV, TR, Vol.63, No.2, pp.274-286, 2007.5

V.G., Papadakis, C.G., Vayenas, M.N., Fardis : Physical and Chemical Characteristics
Affecting the Durability of Concrete, ACI Materials Journal, Vol.88, No.2, pp.186-196,
1991.3

VEAl®EEE, NEZAT, BRiES: oo 7 U — O LoOBRSIRI & AT, A,
%414 5, pp.99-108, 1990.2

V.G., Papadakis, C.G., Vayenas, M.N., Fardis : Fundamental Modeling and Experimental
Investigation of Concrete Carbonation, ACI Materials Journal, Vol.88, No.4, pp.363-373,
1991.7

¥, Ho Thi Lan Anh : FEMEREE(LET /L & REERATRRERI ORI Z X 367277
Br, a7 U — b TEHERGRUE, Vol.28, No.l, pp.875-880, 2006.7

VEARREES, — RS REFIE X VR OY A A ORE), 227 U — N TR SCIEE,

52



3-57)

3-58)

3-59)

3-60)

3-61)
3-62)

3-63)

3-64)
3-65)

3-66)

3-67)

3-68)

3-69)

3-70)

Vol.18, No.1, pp.963-968, 1996.6

AR A A T e sE - [AIfifal JASSS #kfh= 2 U — T8 2015, ALEHIR,
2015

RFFENE, HWERS, BRI, fEEEOR 15 FRBAEE S QTR LER =2 7 )
— MIMEET ARBRAR DM ANER A, =27 U — N IPFERERSUE, Vol.25, No.l, PP.755
~1760, 2003.7

328, KRG, PAHERRR, SORER - 35 AERIZE LR =2 7 U — hojgkE, =
7 ) — b TEHERGRSCHE, Vol.24, No.l, pp.1287~1292, 2002.6

TAEZ, SRR, JIARS . BRBRBE TSR Liza v 7 U — MR ogho ek, =
7 U — b TAERGR SCHRGESE, Vol.16, No.l, pp.787~792, 1994.6

AL M - B AL M Top Page, 2 2018.10, <http://www.jcassoc.or.jp/>

R, BAMRZ, IKEZERE  —8h5 RIS Pl DiEk= 7 U — bOOUERURHTHE,
a7 ) — b TEERGRCE, Vol.22, No.2, pp.511-516, 2000

PO, AAE—, T, /NLBS, BAHERL, RRTE . Ny 2 BEWARL, WIE
2010

BRBEE - MBEREIEYL - BAVER BMiE =4 U 7 Pk 20~24 4EF), 2014.3
[LIIESE, Jirawattanaphan,W., 75fnf, 5500 SR COBEROENT=42 1
7, HEREREES VAR U0 MGEEGRSCEE, Vol11, pp.123-132, 2003

Y., Kohno, T., Kobayashi : Effect of Simulated Acid Rain on the Growth of Soybean, Water, Air,
and Soil Pollution, Vol.43, Issue.1-2, pp.11-19, 1989.1

FEALT TS, AT @ 2008 4 JIS IE% O A N OSEZEEN B DR, a7 U —
T2, Vol.46, No.ll, pp.9~17, 2008.11

AWNRIE, R, FIGER B ORIKZEITEFE OIS, 2027 ) — %, Vol.27,
No.10, pp.24~33, 1989.10

AR A A T v IRsE - [Alfifal JASSS $kfh= 2 U — b TH 1997, ALEHIAR,
1997

KA, TPVl siErse—, JVIEER, RS, RS, B TRU BEtgilsy
23T % C-14 DEWIPA CIADRL Ny r—T OB#%E 2D 1 mifE g a7 V) — My
— O BT 2858, JR1-1/8 7 =2 Riff9E, Vol.15, No.1, pp.3-11, 2008.9

53



54



4 E fARBEOBREYET VIR 5
HARRZRH T S u—F

Chapter4: The Approach to Super Long-term Models
for In-service Environment by Natural Science

4.1 /MF
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~350ppm & L7-F, E TIE EREZHNTW1D,

T.q = 0.982-T; — 0.528 - W, + 0.320 - S, — 0.212 (4-1)
Ton = 1.004 - T, + 0.145 - W, — 1.302 - C; — 1.293 (4-2)
teff,n =tg; tlg2 — (Xl/B)z + ot tan — (Xn—l/B)z (4'3)

ZZTC, Ty : 27 V— FOBMPERE, T, : BRETFEIRE, W, BREPEEEE, S, - AR A
W&, T 227 U — SORBERRE, T, ARSI, W, AR EIRGE, C;  WERAEEL, tops p (RN -
FEE O BE BB LIGE O P LA, te, : BREIIESORBOMME, (X,-1/B)? : Bilitk
ZRZ DM, X,_y : n B H OB - FEENH D ERIOHEHES, B @ ILHUREL

ANEIFER O Z AL TR 5 2 &, BEMOBFHICET 2 2 L2l 5 L, ARKUE
BN SR T HRERH LD, FRROREREICED LR Cho&ME, JBH, HE, RN, &S,
CO2 I, 2 TIMAEEZEIL TRLT, —EORT-CIHFENEEI LRI L Qe £/, v
7V — MEEEITEE 10mm OFHRTH D72, PROREOGERMEZ FiHE L T 248887 T, HFon5
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FRONLEST SHER TH Y, AIEORE T H 5t~ T,

A CHRL L7y, 227 U — FIERET /M, LS T 2B RIEDFHE A EEIC—E DR
BN ARAT D720, FROFDIETIRG LT, B 2 2O BRI 22T by 74 D
AT IR D D, £ T, KBTI 7 U — bR AR, BB EIRO S T
(R ERD D, KEEBOTT MEOZUEZRHE L7 b, MEITIET, AR O LR,
e ML, 27 aBBEOETNOAENEFITRICHERL, &0 SERRRETT L OmMEEE R
H%e

4.2 BRBEENT 70 —F OIS
42.1RCP IV AOMRICEET AR )V —=7

A CTET /UL LI RO/ BEIRIE, &R, =R, B, FAXHERE, JEGE, e, KEfo
COs, =7 NHD ClEZIICE S b, 8 B CRR L7ARZ, WE L7 BREME O I B RS
By o b— g VA TASOHIERY R o L—% L Ok E BT 5720, BfFT 5EHREMORES Tl
72T T VAT 5 2 LITRARETH 5,

ZITE, BT AR T A O ENLERT, KEEENCBEL, BUE, ENTRLE
K LTWD ASREEORE LT IPCC @ RCP v U A 422%f L, AT~ b L C g%
IS5 Z L xMhE L, [Hx OINMIEIROFT bLOFEART #2777, 728, COIREEIZ OV TIE, RCP
SF Y HHERT DR TH L I=OFAD L, ST ONTHEHA TE R LAY,

KA, L EMETET LT D58, SIMBROFBEOTT MLEET D, SRS & 2ot
DOEHAEERRE A G LTSN A L L UC, Ui 70 2 SEBRERI IR BH 3~ 2 B e il B 2
5728, BIRRMANT 7o —FIcB0 L, Baoxgst L5,

4.2.2 ZHNIER O
(D&UE - =ik

RIRICHOWTIE, B RCP 3 U TSN T HADGRESE TRl U784 #9102, MRS
FSIVTN D, fTD LT U A X DFER BIRELT 2B AR LTS3, 5T, A Cith /-5
W bas «9 49, CO2 DIRRELANEOANEIE, =7 1 L OB R % Biiing 19, [F—
DS FHRAT LTEARERICHEDN T, HIERIB L2 SE T A GRS «OFET 5 b, EREZR=a '
YA HIGIUL, YR EE CORGIZ AR RO LV, BHIICIRBE LA S s &
Db Y 49, BURKHERFOT- 00T = I X AZRBORAKGE S 2 FIREMEIZE S, BRI
FVEDRRD TR,

AILTHE, F18, HUIARR OB LENIRIS TH D Z &, HIS, BEEREHIEgE LT
WHZ L, BEID, FHEEERA~ORKE LT, TREFHIIEFERGHIBIT 2 —20%kTch s Z &
AL, KIRICEL, #ERERMLEZRHEE TS RCP VU AESIHT LD LT5, —J, =EITZ
PO FIZdH D B DD, FZEHRRHTIRIROFELZZT 5 Z LT L Th D, E>T, RCP YU A
OFNBKIRITHET B,

(QRERT - fExHBE
FERRIC W T S RIR R C BRI O TR ROV RSN TN A2 49, RCP O AL - T,
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FIENR3 8725 b, 27 ) — hOEKRBOMTITRD SN ORHHENLOEZ, BRHICE>TT
W2 Z LIFARAETH Y, JHHITL-TL, fEBRINCEHl 2 wTREME A4 U D, > T, BN & DR
FRMEAS S SRR & R C, RS F U A &5 L7avy,

6= 5)
HEHZOWTIE, BT, EEOLMER LT, [EE 12mm O A VOFREIIRE DR TH DAY
INTIRICBET D 4-4~4-8 UZIBT, FOELEE L= 19,

Toae =Ta+(a-1=])/a (44
a=a + o, (4-5)
a.=56+39-v for v<49m/s (4-6)
a, =7.2-v078 for v>49m/s 47
J=¢g5-0-(0474—0.076 - f*5) - T,* (4-8)

ZIT, Toqr : FANKIREE, T, : SMUREE, a @ (L EMFREO BERINER, T KRFmASE, @&
&, a @ BEBMSER, a @ BOHBMSESR, ap @ SREMAES, v BUE, & @ EMREORHK
EBWUEE, o : Stefan-Boltzmann OEH, f : focHiE

T, EARIC 41, 42 NEFIRERIRCTHLD, A VOREROBEIIFFELL, Kb
Al 72 HREOZEIZ R LD LFEETH D, 16-T, MMAOBRWEZ ST, Zafke
RRIZE T e L TR, AT, Ao B 2YBRIR OB Th 572, Z A1
ERIRDMENT L THlEH T 2R3 H 2,

FAZEARICEZ D E, AFRICITEEWMONE, HREOHEHRNGE LN, BERHTIIEIOERO
B - AMERHEI O S N 5720, IS Tz > TRRIGEICEIT 2 "ROREH N LB 0 5, B
(2, Ex OERIZBEL, RCP VU A% # A ORISR E TH T o A=) I D0 &
23, BENE, MHBEZET /UL LARWEHECIE, EROEELEOT, HFoNDEROZ Y MEA T
AET D 2 EIFAHRETH D, 2T, AETIE, AFHEIZOWTSH RCP T U AD5IHEZRT HHD &
ERAR

@WEEL =7 v At0 Cl-

BE, =7 1 Lo CHIOWTE, =7 1Y VOEREENETH D700 T RAEZ RT, 1
FED RC EEEWN ST DI OFMTHFTEN, REHH IR > A7 & Adventure % VT,
FEHELTOMMT IS LB AR, L L TWD A 410, 1B km B - o7 v /U LT,
S EHEYOWFFEI I ZIFBRE S 415, Adventure % V5 Z & C, RCP > U AL [FA A D%
AR E SR, BEORAR, RN & JRGROBA ISR CE 203, ClLoMELEET DI, K
T & EEUEBROELTE, REOFEE, BERRIC X DU R, KO DFFIZ L DA A O,
U ORI OE UG, BIIRERROBRFIC K DHNMEREE, BRI K DHMNEOIRBEDRRIZ
bEBEt 20BN D5, 1k, —REREDT T 1Y I L AMEAER LI-a3en 2 L B IR L,
RCP >+ U ADOBIILET, /ST A N v 7 AXT 4128 -TC, HEBEOREN LR 5,

GIRZHDmR
WIZ, RKHDOERIZHOWT THHAS, HIERREL & ORRIECEIT 20781, =7 1Y /L oNRREIZ K
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THHONEL, B0, FRERYERICHT 5 boiddbieuv, BL, flziE, Kaosik COs, HNOs
H AN Y AERERROER 7 o' 2%, UIFORTHEREL Q5 410,

PC =10%-Cy; " Qso, * Gena,i 49
Cy; = 1.75-10"/[H;] - exp(5.19 - 103 /T) (4-10)
PG=:QHMk-ZWZn-OJS-KD-q~(065+044-$}“-R;“)-NQ) (4-11)

1/2

SR = (v/D)? - (V1) - 2 Dy ) (4-12)

ZZT, PC: SOz DAL ~DVERE, Qsp, : SOz DIREGIL, qena,; : MBI T-ORBERE S, i :
MERRi-OREEE (ki W9RD, [H;] : BRI HYEEE, T : %R, PG : HNOs U 2Dk, % &
~OHY AT, Quuo, - HNOs DIRGLL, D; : BRI F-ORIY, j : BRIRKCFOfEE (5, &% 8 &
KEXCED7 T A, Ky : HNOs B ADIEEAREL, N(j) : 7 7 Aj ORI OB, v @ KKOEHES
PECRER, V; - BERSRLFry OV TIREE

FRIE, BEOEE T m R EZEZREICE T, BIERNO 2B TE D Z AR LTV, [FIRE
(2, BB DERET VOXE FIZH D 2 & bR L Tnd, AETHE, BRET /UIBWT,
RCP > U ADHAE ik > TnD Z 0D, BEERICBALTY, Ry U AEZAN RN D ET 5,

(BRCP 2V ATHE L BAMNER

#-T, RCPIFUAHEL DD, &R, =R, CO:D=EKXT, U DMNEMZRRT 2 DIFE
W, =7 a Yyt CloO"EHRNTHD, AETIE, £, MIERIEMTIIRL, EEMIIERTS
SUCHE L, SERAZ a7 U — FBSEDNDEEREE, KRB, KBRS LCTRRIBL, FENIEIT
HNEE) 2 £ RTRERERBEE T VAT 5, =D LT, RCP vV AL 2 ERIZIRE L T, 4
BIo¥asy MR L, BEMET UIEET 5,

4.3 BEHR
4.3.1 SEOBEREE
(DA OBBRE DR 7 #t

FT, SVROBERENT, KR, B, B, MEIOEKRICL HEENKRE O E, BREHIRESEEIC
ESE, AL BT OSIEDRBEL N0, EMrTT MRz 5, Fi-, AHFFEORkC, &
T RGBT D &, BRI ISR 35 At 2 feam CUBR T X 2RI R3H 523, [FRFZE
— F7 A Z v RBIRIZAOND THFIR OB A G 20 E 2 A LD, T, RIS I 7 e
BREIE CA— A0 LRI SEREEDTT MUICHOW T L, BIEOREICINT, JEES DY
ANKURL 9% I ARIMZ DWW G 2R L, BRIt R EA i+ %,

Q) HEFIFH DR 2

=Rk s, b= T A T2 FESOFIRLT, #iiko N THE L E s 02T, BRI,
AT T, S350, (8, BEESE P S A8E, Bt mpgrEo AT b, Ry
DELEAL, FRHl - KO AR L T 412,

LoL, Bz, P HIE, ATEVRICE T 225MCB L, MERERITE, RO B HREZEE,
SNTUBNE, HSNONE, SAIKERE, ZSRmfEse, ARG, SE5UWos, SMEOBETE,
B, BNETC - BURREEERR L, REWEER T LR RIZE - T, #iifi¥y ) BE—E2ET U EL
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HuiEr < MO 60% (HERRERRSY) DT A FE 064 LT D
(32 TORHOBRIZE-SE, RATHE CIEHImICITER LTy, )

ENOPERTEE (R ER <t - TRIAREY 4 20%H1M

SOk fofEEcEy, AR W0, HITERTERGL - 0 BER 00K &R
FLROB Y ITRE GEAMITIR IS = AL —I0EEY) |

HEFEATE + BHRS L OYREE 0. 38 (W/e/K), 2. 12X 10°()/nf/K)

MifARAEEERE - B : 0.30W//K), 3.81%10° (J//K)

Tt A E X « {RE < 0. 7200/m*/K), 3.98X00° (J/m/K)
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Fig.4-1Difference between daily air temperatures of the standard plan and daily air temperatures of

improved plans+1?

77, WESIE, BAHAESFZES D550, AR OZEN TS LW RIERKIRICIE Sh, BISET
HETHIRY, Figd-2 | ORTIEY, 6 20km WO HHFIR &2 KBS 5 & L TN 5 419, fskp= 2
U — bk DOMAPEZ 31T HIREE OFHUHI IR SN TWND D, AR 5 OTF4E 492 U THRY 4
SIRIZ L2358, 10°CLL EoZE A A4 U DRI A B 5 Z &, [EYTRINATOBLAINELZ £ > C, £ 20km
WNOIRIORGE A REHR D Z L &2 ZT 5 L, THRIFAOET UL, AR L CE, BT
DESIB MR EEZ BD,

@I eBRE~DAF—AE T

ZZC, MR & RER R A — Z T S b AR S DX TEREOI G I E T
AL CRY, EEIRE, MEms, A, AROmEROEXICR L, BEFREAFICISET L%
BHGEATIE LT, EEWORE, I, FHARIORE, STHOREAZEERE L, RIERLZOM,
L SET* ORI 5 ET /L L, RERITRZ ACREEEAEH L T 5F7 VOE RSN LY
KZEDBHIE DR L RO L AMEOBEOIFE TH D Z L%, Tabled-1 D@D KL TND
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Fig.4-2 Correlation coefficient between land use changing rates and minimum temperatures
according to the various combinations of the radius#14

Table4-1 Correlation between city block indices and SET*#415

<Summer> |B®EXR SET* EFI EFIN2
N=116 B (L ER Ry iR s] e
I(roof) 0.018 0.142 3.354 0.018 0.141 3.480
u(roof) -0.463 -0.086 2,718 -0.462 -0.086 _2.844
ta(roof) 0.852 0.811| 20.230 0.856 0.814( 21.267
R 2 e -0.060 -0.185 -1.225 -0.057 -0.175 -1.215
RN 0.014 0.137 3.017 0.014 0.139 3.212
= -0.064| -0.291| -2.865 -0.068 -0.309| -3.180
EEe2"2: L 0.186 0.132 1.442 0.173 0.123 1.404
FLEERE -0.088 -0.213 -4.174
It 4 -0.056 -0.169 -2.516
Jex s -0.090 -0.295 -4.449
HH 5.696 1.933 5.292 1.879
HiHBE {R R 0.952 0.957
<Winter> |B#:#E% SET* EFI EFI2
N=119 R B | R il I RS [ isk] vl
I(roof) 0.008[  0.022| 0.294 0.006 0.017] 0.362
u(roof) -0.394| -0.147| -2.022| -0.391| -0.146| -3.190
ta(roof) 0.915 0.551 7.746 0.916 0.551| 12.332
A PR 0.027 0.099 0.099 -0.086 -0.318| -0.502
P -0.028| -0.276 -0.934 -0.012 -0.123 -0.661
= 0.067|  0.339 0.560| -0.009| -0.047| -0.124
B AR R -0.442| -0.351| -0.611| -0.866| -0.687 -1.897
FoeH 0.088|  0.239 1.962
R ZeE 0.260 0.883 8.403
LR e 0.090 0.330 3.202
A 7.555 0.560 12.386 1.458
T B R 2R 0.724 0.902

15 7k, [FFRF, RIENTT VL, BENETIL21T%S TS, Zbid, ATHERORED %R
AHECHIUS, FIREPHEHYIMIROZES T H oM & HFHZRESND Z L 2R LT 5,

BIZAT =AY LT, SNEOBERERICBT D5 A il 2 &, 3 B AN ORI
B9 2 B EDIIZE 2 46 Bh4 % T 410, IS DORROBYRER L 5 S OBROM@EANL, &5
Ik, EUEERE S, RmRE & UROIREZIZET 2 EE&NRHNORRIC I VLS TR LT,
i/ | MERL SR & NIRRT U 7 OBIRIFIES N O R 2 1T S o 23, FERA T —L
ASOBPAEZ DWW TIIRES IV TUVRUWIREETH V), FERMIIZ, ASHRAE MERET 2 Jiirges O 46 &
O 4-7 A, EEOICHIA SN TS Eik_Tn 5D,

AWFEE, TR CAOREEZERT 56D T, [ERIOEAMIRE AR 2 & O TIIRW o,
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R UZERAME LT, OB TH 5 Jirges RExaite b, HREZLEHET S, 44~4-8 NTHD
LDV O OFYANTIR 4N L > C, MROREZET MET 500 ET5, 708, FRikoar 27—
N LTRSS DAL, 4.2.2 CRPR L7-EY TH D,

WOFlE AT E

Z T, MUANKIROEEOWMNCE LT D E, 7, [RLOVEEL, K[EYTEIFTORIE RO
SEAHIE LTARIZ2 D, HBEESII AT MEDG OIS, BL, BEEICOWTIL, 4-4 3ARFEE D2
b, ’ﬁ%%fh@?ﬁﬂﬁ/ﬂﬁ%ﬁ%ﬂﬁ LCW5723, BERCIIRE H A EE AT 20ERH Y, a1 2,

AIETIL, EHEON, RIEOBGEE >4 %k L 35 Isotropic ET /v, RKZED HH & 54D —
KR7RRZE H%ikiﬁﬁﬁ)‘nﬂ?ﬂﬂ@mﬁlﬂu}i EDND DFIAMED 8 2 A5 43T 5 Hay €7 /v, Hay &
TITINZ, KRIADHORZE A i L HPPHEOREYIC X 0 i Sh 2 RZEA N &2 58T 5
Skartveit €7 /b, KZ2HHEEZDMN—FRIRZE A &, HEERRHT O ORZE H &, HWEEEH S5

24317 % Reindl €7 /b, Reindl €7 /WIINZ T, 8 FEFHD RZLRAERINZKZE H G &I 58 D457 g
é"ﬂ%ﬂi‘?%’) Perez @ Anisotropic €7 /L, K25 H K E& DM E2 RZE A& L, K .L0EOK R
BlEDRIE CF I UEE 2 H ST &I 200 D Akasaka ©7 /WIC L - C, HAREND 4 HAShEmE H i &4 51H5E
L, Table4-2 |ZI/RIARITHETED T >3 7 %17\, Anisotropic E7 /LM bEEINLD iR L7 &
[ZHEL 419, [RIET /UL - C, Rl AR EZRET D,

Table4-2 Ranking of RMSE by several estimation methods for tilted surface irradiance+1?

— 4&%7»

AMETL LA w7 PR s
c 9 [ 23 |46 | 2 | 24 | 27

E noo3 4|3 33 nE CExa £% MRE
v o s (6w oy O | Gl T R
P AR : 44 1 29 21 M Maxwell I Isotropic
R 1017 i43 4 ‘:sile ; ;?% E: ;ﬁ%
S 14 |36 | 48 | 5 | 41 137 s Skartyeit s Skartveit
U | 26 12 i 42 8 2 13 u Udagawa
W 39 2 |38 | 32 28 25 W Watanabe

focio, b B EOEEICHND A&, 5L T 2FEORERN H D85/ FFEEIZ JiuT v
, FEkicE ‘ééﬁzﬁlﬂﬁ@%’ﬁﬁ LTz T, KBEOEGEDOEMEIN E TIXEMME Lenb oo, 11 4)H
ﬂ;ﬁ@i RO, KILMEK T L D RRURBR OO EIINTES D72, —BEET D,
ARFFE T, Hmmmqu@@kuwﬁﬁﬁ@1Mﬂ4t@ﬁ%£®ﬁm1®$ﬂ ;of,ﬁ%%%
ETMETHHDERE LT,

(Gt EAFDRRE

WIZ, H EMFREO BRRIEETH LA, FlxIE, HETE D OREOHFIPFATH 20~80% & 721K <
+18) 5RO ORMUIRD R 57 )V I =7 RO RIRO A HBIIEEORIETIE, 7V =0 LGEH
D 39.8%\xt L, REMHET 47.57%, —MBEIOBA T 57.57% % T L3 0, BB EREIOBRAT
THND 1.91% % B35 Z Lnb 419, JETE S wwd 505, SSEHZ R WM "9 2 L I3 &
SoThW, —, ELY, EHBHEOEH THAIREEMRLIEL TBY, TAI=T LD
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92.58%IZxt L, BFEERELZ 65.9%, —MEEEHR OSHEREHE 1.85~6.6%\ 2504195 2 & A g L Ty
%, ZZT, HHEBNER, EEEBREORGLEOEMFENE2 S MY, HEEET D,

Z T, bLRowtE 52 A OMYARIRE RO E, FRIEE 3 HTET /UL LIZRKIERED
IROYEEFRER, R OKOILEGREL, CO2 DIEHFREL, CaCOs DEUGHE, CrOJLHIREDOT L=
P ZANC S S HIEIEIC A L, FEEOHENC L T, L7 OB 2R %, AR ORED
K+ - K#EE, Tabled-3 DiRY TH D,

Table4-3 Parameters of analysis for SAT

Direction South, North
Radiative heat transfer coefficient «: 6, 3
Solar radiation absorptivity 0.5757 for general paints
0.0791 for reflective paints
0.3980 for aluminum plates
Emissivity 0.0588 for general paints
0.0600 for reflective paints
0.9258 for aluminum plates
Observed year 1991, 1992, 1993, 1994, 1995

1996, 1997, 1998, 1999, 2000

FRAAMIR DO TR LT 22 DIMOEIZ DWW T, HaeHm XK G TRINAT O HZE 25 Goff 2,
THREL, BHEMRERL, WESRMHI X - URBRICHER T 5720, EROA N Ees L TRV
6W/m?2 - K49 L5500 3 Wim2 - K #2555 E L THY, Ar—ARZT 4125 -> T, i CRERHEE
el %, UL, IO IEMTE L, [EITOBMRINEIL 1991 40250 10 FFHOfEZ, BHAERCE
RUTHES 2,

1 R B U 7oA YAV & AVRUR DA O 2% Figd-8, HHYAANKUROAFEAIEIZFE S <k
WFEOKOYEESREL, BB OKOIEGRE, CO: DYEEFE, CaCOs DSUSHEE, ClOyLEiREkD
7 L= ZHNZ X HIREMIEHEE Figd-4~8 TR T,

Fig.4-3 /5, AGRFEOHFPHTIX, Ff CHM4/VRIR & AMRIRDFE TN K 8.1°C, kil T 4.8°C
\EL, HAOEBIIRK33CTHDL L, BHBMREROEEIIRK1.2CTHD 2 L, MEHEDOH
FHRINER & BRI ROBREDE B IR K 1.1CTHH 2 &, BIFEORBIIRK 22CTHD Z LR
53135, fElx DRFOFZENT, MEERORE, 7, BIIE, BSEMRERDIAITRE VY,

F72, Fig4-4~8 £V, WoKiBFEOKDILHSRER D3 AiMEIL 0.96~1.02, FATEFEOKDOYEHIRE T
1% 0.69~1.15, CO2 DILHUREL TIE 0.95~1.02, CaCOs DSUHHE T 0.98~1.01, CIOILEHREK T
13 0.72~1.13 12725 Z L VD,

BIZIE, —WEREEDOFE /2B LBIG T h 5 P LICEIT 2B EOSHEERBR CIE, BRI
Cl-OFEZET /ML TCNVRWOT, FRROBEMERL, SHHENT R, b, CO2 DILHRE &
CaCOs DEUSAERGEE T TR %, [RIKRF-Z B 2 IR EOZEME L, JIEIZ 0.07, 0.03 &=
7 ) — NS 20D, BHEORERITNIED ANV O TE - EREL OB AR e & 2
HiLD,

—77, HOBFREDOKOYLBERECIEAEDS 0.46 LIREERAFIED R <, RN LIZ 7 D8N CRAB A
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Ave. of SAT—Ave. of AT(C)
O = M WA GO -1 ® ©

Correction factors for diffusion coefficients

in the water absorption process

1991 1992 1993 1994 1995

1996

Observed year

1997 1998 1999 2000

B S_ar6_General paint OS_ar6_Reflectable paint 0OS_ar6_Aluminium plate

B N_ar6_General paint O N_ar6_Reflectable paint # N_ar6_Aluminium plate

B S_ar3_General paint OS_ar3_Reflectable paint BS_ar3_Aluminium plate
B N_ar3_General paint O N_ar3_Reflectable paint EN_ar3_Aluminium plate

Fig.4-3 Difference between average of SAT and average of AT

1.2

1.1

1.0

0.9

0.8

0.7

0.6
1991 1992 1993 1994 1995

1996

Observed year

1997 1998 1999 2000
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N_ar6_General paint O N_ar6_Reflectable paint # N_ar6_Aluminium plate

B S_ar3_General paint O S_ar3_Reflectable paint S_ar3_Aluminium plate

B N_ar3_General paint O N_ar3_Reflectable paint N_ar3_Aluminium plate

Fig.4-4 Correction factors for diffusion coefficients in the water absorption process
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Correction factors for diffusion coefficients

Correction factors
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Fig.4-5 Correction factors for diffusion coefficients in the moisture desorption process
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Fig.4-6 Correction factors for diffusion coefficients of CO2
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Fig.4-7 Correction factors for reaction factors of CaCOs
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Fig.4-8 Correction factors for diffusion coefficients of Cl-

T2 ATRetED E, Loa L, BRSO B BN OO A TEORHEED 50~85%FRE TH D =
EERMZET DL 20, ZNERIUMERET LV ORSBIL X > Th, BEROAIE L MEEERIZIVT
THICAHEEER AN T DI TH D, (EoTC, AT, FNHERIHEERORE 2R, Bl
L2227 ) — h2RBE LT, BFRINERE 0.6, RINEHERIZ0.9 —E& L, BBO/NSU
YRRy, MEMOMEICHET 5 49,

65



Table4-4 Changes of annual average temperatures in A.C.210043

@ B* LA REE REE mEE EAE g
A& AEEA BEiEH AEER BEHR AEER

RCP2.6 1.1 (0.9~1.2) [ 1.2(0.9~1.3) [ 1.2 (1.0~1.3) [ 1.1 (1.0~1.2) [ 1.0 (0.9~1.1) [ 1.1(0.9~1.2) | 1.0 (0.9~1.1) | 0.9 (0.7~1.0)

RCP4.5 18 19 19 7 7 17 16 14

RCP6.0__ | 25(1.9~29) [2.7(1.9~3.2) | 2.7(2.0~3.3) | 25 (1.9~2.9) | 2.4 (1.9~2.8) | 2.4 (1.8~2.7) | 2.3 (1.6~26) | 2.0 (1.6~2.3)
RCPE5 | 44(39~47) |48(43~53) | 48(43~53) |43(3.8~47)|42(3.1~45) | 40(36~44)|39(356~42)|32(28~36)
i 1]

(ﬁ?‘éﬁ%ﬁﬁ) = LR g iR B EfE KR
(2]
= 8.9 62 139 163 170 169 231
®0 T1980- 19994 FRIMBDE AL
. —RCP2.6
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] }
2150 2200 2250
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Fig.4-9 Changes of annual average temperatures from A.C.2000 to A.C.230042V
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Titan = MaX {To ave, Mn{To 01, To + 2+ H(tny) - (tn = thy)}} (4-14)

Tit,, = Max {TO‘AW,,min{To‘th +4,Ty e, 42+ 2 H(tpa —2) (th — tha + 2)}} (4-15)

TR s D257k
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KDL
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% 4-19 S CHUE U TR 2470, Figd-13 1R TEREJFETa 7 U — DO REL O
FPERHE AT LT g 429,

N, = 8000 - exp(—4.1- D - R7%21) (4-18)

v=94—94-exp(—1.57-10% - D115 (4-19)
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Table4-5 Concrete mixture

Unit weight (kg/m?) Air Ave. of diameter of
W/C
W C g G (%) fine aggregate (mm)
0.50 175 350 793 964 4.5 1.30
0.65 175 269 861 964 4.5 1.30
CsS CeS CsA CAAF MgO SOs  ClI' NagOeq Density of Specific surface area
©) ©) ) ) ) %) ) (%) cement (glem?) ~ ©f cement (cm?g)
51 25 9 9 098 205 0.02 0.22 3.15 3,260
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Fig.4-16 Water content of concrete with several terms of water saturation
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Fig.4-17 Carbonation depth with several terms of water saturation
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Fig.4-24 Carbonation depth of concrete in several COz concentrations in the same room
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Fig.5-2 Ca(OH): content in concrete (1day accelerated)
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Fig.5-3 Ca (OH): content in concrete (10days accelerated)
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Table5-2 Specifications of CO2 permeability of multi-layer coatings

Numeric constant

Top coating P, : 0.02, Q :-0.004098, a :0.3789
Main coating Py : 0.15, Q :-0.006010, a : 0.3049
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Fig.5-10 Cross section of the corroded rebar539
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qurosu?n product i
(Corrosion’ rate =t
of exposed
requrcelzm

EXpahsmn_’ "¢ 0dmm '~ Corrdsion proc 2 O
prossure- 5 QT Srepy” BameasStepd) U7 grepy:

Stepl: Remforcements around cracks corrode at the corrosion rate of exposed reinforcements in voids
(£:0.1mm) proceeded from the crack formation.

Step2: Resin is injected into crack sections and surfaces of cracks are closed.

Step3: Voids are filled with corrosion products at the corrosion rate of reinforcements covered with
concrete by Yonezawa's method53? and expansion pressure occurs.

Step4: Expansion pressure of corrosion products formulates new cracks along reinforcements by
Morinaga's method539,

Fig.5-11 Corrosion process of reinforcements around cracks
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FIZOWTE, ERE TRRUBRICIRET 5 f:&b, EERER L 1T D0, — L MET 528, R
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AitE & T2 ILEEEE, BT DIERRF 7 (EREEFE AR D FTREMED S oD, FEFEEROBEMIRED
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Grid
Site area TH
uilding area I L
(Si ea X Building coverdge
Stepl / Step2
Slab Outdoor wall CL CL
Beam ' =— CL
; Indoor

=
IS

Column tﬂa/ i %VEF wall
(] [ ]
% S — Step3 / === Step4

S‘celg1 1: A1 building area is selected by a site area and a building coverage based on the statistics
randomly.

Step2: A floor area rate is selected randomly by the statistics and a rate of span number in an
east-west direction to span number in a south-north direction is selected randomly by a scenario.
Grids with a constant height and a constant length are located in order to satisfy the floor area and
unify shapes of all layers.

Step3: Columns, beams and slabs are located on all grids and outdoor walls are located on
circumferences.

Step4: A rate of number of indoor walls to number of out-door walls and a rate of number of indoor
walls in an east-west direction to number of indoor walls in a south-north direction are selected
randomly by a scenario. Indoor walls are located from the center parts to the outer parts in order to
calculate crack number of concrete proceeded from drying shrinkage by In’s method. Locations of
indoor walls irrelevant to restriction on their drying shrinkage of concrete do not matter. If number of
consecutive indoor walls agrees with the number of spans, the residual indoor walls are located to
the different span.

Fig.5-12 Selecting method of spatial structures
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Table5-3 Specifications for structures®®” 542 549 550> 550 552> 553)

Classification  Application site Item Alternatives
Member size Columns Width 600~700mm (50mm intervals)
(Assuming Beams Height 600~750mm (50mm intervals)
medium /small ~Walls Thickness 180mm
scale offices)  “Slabs Thickness 200mm
Material Concrete Compressive strength 18~30N/mm?2 (3N/mm? intervals)
Structure Columns Diameter of longitudinal bar D22, D25
(Without Beams Diameter of hoop or transverse D10, D13
reinforcements bar
for cracks or Cover depth(Indoor)i! 40~60mm (10mm intervals)
setups, cross Cover depth(Outdoor)! 40~70mm (10mm intervals)
ties, joints, Walls Bar diameter D10, D13
bonds) Slabs Steel ratio of wall 0.3~0.8% (0.1% intervals)

Cover depth(Indoor)T! 30~50mm (10mm intervals)
Cover depth(Outdoor)! 30~60mm (10mm intervals)

Crack-inducing Number (Durability-oriented. 3/Span
joints of walls’2 The steel ratio is under 0.75%.)

Number (Not durability- 2/Span
oriented. The steel ratio is

under 0.75%.)

Number (The steel ratio is over 0/Span
0.75%.)

11 : Cover depths are regulated like that outdoor depths are larger than indoor depths and variations
of cover depths are set by standard deviation 10mm.
12 : Cracks are induced in all crack-inducing joints.
T3 : Specifications for analyses of pre-induced cracks are follows.
a) Water cement ratio of concrete is set by relations between water cement ratio and nominal
strength of ready mixed concrete in Kanto area.
b) Unit water content, bulk volume of coarse aggregate per unit volume of concrete, solid content
of coarse aggregate are set by Architectural Institute of Japan guideline about the mix
proportion of concrete.
¢) Cement type is Ordinary Portland Cement only.
d) Adoption rates of gravel and crushed stones are both 0.5.
e) When durability-oriented building owners adopt crushed stones, crushed lime stones are used.
) Creep coefficient and drying shrinkage of concrete are calculated by Sato’s method under
condition that removal age of supports is 28days and wet cure is finished on 5days.

HHN, a—7 AR E a—7 AREER O A 70 TH HKFEETER UT-HAmE TN, A7 7B
FIREAf & Wi,  PrBaE Btttz AV Nz @E 7 2026 D CO2 BRI 2 b D TH- T, #
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Table5-4 Specifications for finishing materials

Classification Initial performance Imaged application site
Type-A Proceed from Permeability rates...0.05~0.3 Multi-layer coatings and thick
deterioration of textured finishing materials for
finishing materials columns, beams and walls
Type-B Proceed from Permeability rates...0.1~0.3 Tile finishes bonded with mortar

reaction between  Carbonation rates by JIS A 1153:

finishing materials 0~20mm/\years(intervals of 5

and COq mmAyears)
Divided by 1.6 in the outdoor only
Permeability rates...0.6~0.9 Cementitious finishes
Carbonation rates by JIS A 1153:
0~20mmAyears(intervals of 5

mm/Ayears)
Divided by 1.6 in the outdoor only
Type-C Proceed from De-bonding area rates...0~0.1(0.01 All finishing materials
de-bondings of intervals)
finishing materials
Type-D No relation with Permeability rates...0 or 1 Waterproof protections, exposed
time dependency concrete finishes, curtain walls,

sidings and deck slabs, etc.
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Table5-5 Specifications for maintenace

Classification Treatment for deterioration analysis
Type-Ar Recoating of top Carbonation is interrupted for 5~15years and progresses
coatings proceeded closer to a hysteresis of carbonation with no repair for 50years.

from fine views

Type-B: Partial repair of under  Dittofl. But it is selected only once.
coatings proceeded

from de-bondings
Type-C:  Anchor pinning and Before injections, carbonation of de-bonded cementitious
resin injection to finishes progresses from both sides of members. After
cementitious finishes injections, carbonation of concrete is interrupted and
proceeded from carbonation of finishing materials progresses from the outer
de-bondings side only. When cementitious finishes are carbonated,
carbonation of concrete is startedf2. It is selected only once.
Type-D: Resin mjection for When resin 1s injected and corrosion product content reaches
cracks the limit content of corrosion, bond- loss area is counted among
acceleration period arrival rates?2. It is selected only once.
Type-E: Corrosion proofing Partial repaired area of deteriorated finishes is reset and

treatment for corroded  concrete is replaced with repair mortarfs.
reinforcements and
section re- pair

Type-F: No repair —

71 : Because water content and COz2 concentration of concrete under de-bonded coatings are larger
than those under normal coatings together, it is difficult to assess the difference in a uniform
manner. The difference between Type-A: and Type-B: is deterioration of main and under
coatings proceeded from deterioration of top coatings. But the speed of their deterioration is too
slov(xi to have no effect to this analysis with several repair schemes and without specifications for
products.

12 : Failure of resin injections with middle viscosity is considered seriously.

13 : Corrosion of reinforcements under edges of repair mortar progresses speedy, but the area is very
limited and is not covered in this analysis.
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5.5.2 EM3T HMRE
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Table5-6(1) Examples of subject matter of objectives550

Category Subject matter of objectives
1 Stability Mechanical resistance to static and dynamic actions, both individually and in
combination.
Resistance to impacts, intentional and unintentional abuse, accidental actions.
Cyclic (fatigue) effects.
2 Fire safety Risks of outbreak of fire and of spread of fire.

Physiological effects of smoke and heat.
Alarm time (detection and alarm systems).
Evacuation time (escape routes).

Survival time (fire compartmentation).

3 Safety in use Safety in respect of aggressive agents (protection against explosions, burning,
sharp points and edges, moving mechanisms, electrocution, radioactivity,
inhalation or contact with poisonous substances, infection).

Safety during movements and circulation (limitation of floor slipperiness,
unobstructed passage, guard rails, etc.).
Security against human or animal intrusion.

4 Tightness Water tightness (rain, ground water, drinking water, waste water, etc.).
Air and gas tightness.
Snow and dust tightness.

5 Hygrothermal  Control of air temperature, thermal radiation, air velocity and relative
humidity
(limitation of variation in time and in space, response of controls).
Control of condensation.

6 Air purity Ventilation.
Control of odours.

7 Acoustical Control of external and internal noise (continuous and intermittent).
Intelligibility of sound.
Reverberation time.

8 Visual Natural and artificial lighting (required illuminance, freedom from glare,
luminance contrast and stability).
Sunlight (insolation).
Possibility of darkness.
Aspect of spaces and surfaces (colour, texture, regularity, flatness, verticality,
horizontality, perpendicularity, etc.).
Visual contact, internally and with the external world (links and barriers for
privacy,
freedom from optical distortion).

9 Tactile Surface properties, roughness, dryness, warmth, suppleness.
Freedom from discharges of static electricity.
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Table5-6(2) Examples of subject matter of objectives550

Category

Subject matter of objectives

10 Dynamic

Limitation of whole body accelerations and vibrations (transient and
continuous).

Pedestrian comfort in windy areas.

Ease of movement (slope of ramps, pitch of staircases).

Manoeuvrability (operation of doors, windows, controls on equipment, etc.).

11 Hygiene

Facilities for human body care and cleaning.

Water supply.

Cleanability.

Evacuation of waste water, waste materials and smoke.
Limitation of emission of contaminants.

12 Suitability of
spaces for specific
uses

Number, size, configuration, subdivision, and interrelation of spaces.
Service and equipment.
Furnishability, flexibility.

13 Durability

Retention of performance over required service life subject to regular
maintenance.
Adaptability for changed usage.

14 Economic

Capital, running and maintenance costs.
Maintainability
Demolition costs.

15 Accessibility Access for disabled persons, equity.

16 Contributions ~ Usage of resources, such as energy and water.
to sustainable Choice of building materials.

development Choice of construction methods and resources.

Waste disposal.
Resilience.

NOTE User requirements can be driven by societal expectations.
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Fig.5-13 Spatial distribution of sugar capacities in the Sugar scrape5?
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Table5-7 Assessment indices for amenity improvement opportunities®
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(A) shows the location of the anterior cingulate cortex (ACC), medial prefrontal cortex (MPFC),
orbitofrontal cortex (OFC), nucleus accumbens (NA), and substantia nigra (SN).

(B) shows the location of the dorsolateral prefrontal cortex (DLPFC) and lateral intraparietal area
(LIP).

(C) shows the location of the insula (INS) and basal ganglia (BG).

Fig.5-14 Map of brain areas commonly found to be activated in decision-making studies6?
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Setting for a scenario |

a) Information for environment, b) Information for spatial
structures, ¢) Limitation of specifications for finishing materials
proceeded from the urban planning and the landscape, d)
Decision making threshold for preferential orientations, e)
Decision making threshold for common orientations, f)
Threshold for every orientation to examine the need for repairs,
g) Cycle of the large-scale maintenance (10~15years), h) Cycle of
generation changes (25~30years) etc.

A

| Allotment of points to building owner’s statuses of orientations |

» Orientation ty§)ei Stability, Visuality, Durability, Economy
- Status type: a) Orientate and assert, b) Orientate but hide, ¢)
Not orientate but hide, d) Not orientate and assert

@

(Only status “a” is counted.)

| Decision of building owner’s orientations |

l + Orientations with the most points in each owner

Decision making for initial specifications

| Exclusion of specifications unsuitable for owner’s orientations |
v

| Selection of specifications for structures and finishing materials |

l « Plural cells for each type of members in inside-outside

le
5

| For a year to pass

Y me for the large-scale maintenan No

es

| Count of acceleration period arrival rates |

| Allotment of points to building owner’s orientations |

wx-of acceleration period arrival rates omrall-ce
The threshold to repair for every orientation

Decision making for repair specifications

No

| Exclusion of specifications unsuitable for owner’s orientations |
¥

| Selection of specifications for repair methods |
v

| Repair by a cell unit |

Time for the generation change
Yes No
| Reset the owner’s all points l—

Fig.5-15 Flow of reflection methods of owner’s orientations
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Table5-8 Relations between specifications and owner's orientations

Finishing .
Structures materials Maintenance
Highly rated specifications
ke
o 8 > gela] =
Owner’s g iy 5 EoRS 2.8
orientation & ® ) sq::) o g < 59 2 s ; S 88
o E=Ro! >
% 45 £ s: 3% § iE 3T £
S €8 & 5 5 S8 g£a = &2
‘3 dq_)' E S, 17 7)
o= £%3
A
Stability Large — — — Type-Br
Visuality Largef! Small! Large — Type-Ac —
Durability Ditto Small — Type-F:
Economy Small — Small Larget? —  TypeB, C., Er

T1 : All relations are about cracks with rust fluid and suitable for Walls563),
T2 : The gap between products is ignored in conformity to No Free Lunch Theory 562,

Table5-9 Scenarios for calculation of acceleration period arrival rates in the building group

Case Orientations Features

I  Economy * Cracks of concrete occur easily.
+ Permeability of finishing materials are high.
+ Deterioration of finishing materials occurs easily.
+ Repairs except slight repairs like a recoating of top coatings or a resin
injection to cracks are hedged.
I Stability * Specifications of finishing materials are same as Case I .
+ Hedged specifications are same as Case I .

Visuality + Degree of crack density is normal.
Economy « Top coatings are repaired frequently.
Il  Stability * Orientations for specifications about cracks and finishing materials are
. reverse to Case I .
Visuality « Top coatings are repaired frequently.
Durability « All parts reaching repair limits are repaired in each large-scale repair.
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Making of files to input data about each building

v v

v

v

Input of histories about

Input of conditions for

Input of specifications for
structures Eeinforcements,

temperature, humidity, | | decision-making
UV content and CO:
concentration +

concrete, measurements),
finishing materials (Type-

Calculation of histories of
decision-making

A~D) and repair methods
(Type-Ar~Fr.

Input of conditions for spatial planning (statics,
member disposition)

Making of 100 cells for each member belong to columns,
beams, walls and slabs in indoors and outdoors

v

v

v v

only once)

Setting of all specifications randomly (repair type-Br~Dr are selected for the same cell

Calculation of numbers
of floors and spans

v v

v

v v

Calculation of COz concentration in each

cell
v

Calculation of histories  of
permeability of finishing materials

v

Calculation of carbonation depth by the
simplified formula

v

Calculation of carbonation rates at the
depth of reinforcements

v

COz

Calculation of speed and critical amounts
of corrosion of reinforcements around
cracks and sound areas

v

Calculation of bond-loss || Disposition of construc-
length tionjoints and crack-
¢ inducing joints

v

Calculation of basic values of acceleration
period arrival years

Calculation of numbers of cracks proceed from

drying-shrinkage in walls

v

v

Calculation of acceleration period arrival
years randomly

Modification of crack numbers proceed from
crack-inducing joints

A 4

A4

Calculation of areas with cracks proceed from

bending in slabs
v v

| Calculation of acceleration period arrival rates without repairs

N

Calculation of areas with cracks

Repair type-Ar, Br
No

Yes

Selection of discontinuation

| Changing of corrosion speed |

Yes

v

periods of carbonation from 5 Yes
~15 vears randomly
Changing of carbonation

+ directions of finishing mate- Yes
Calculation of asymptotic rials
histories to  carbonation +
histories before the repair for - -
50 years | Changing of corrosion speed |

Counting

of  acceleration
period arrival rates newly

Resets of acceleration period
arrival rates

A 4

v

Replacement of concrete and
repair mortar

Y v Y

Modifications of histories of carbonation

v

Modifications of acceleration period arrival rates

v

Weighting acceleration period arrival rates by occupied areas

v

| Counting of acceleration period arrival rates of all buildings with repairs

Fig.5-16 Flow of Calculation of acceleration period arrival rates
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Fig.5-17 Indices about acceleration period arrival rates of RC building group
without maintenance
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Fig.5-18 Indices about acceleration period arrival rates of RC building group with maintenance
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A2 2 & C, OB OFTEER BIGROBOES OGEYE, HI2EEOFIHEROS
b, RBRSHOMBAROEEL, BNCEET22EROAEOEOM FEEZBNWT, T UAT
47V F V=D ND,

- T, AETIE, RCEHEUWIREOBRMIFES DY X7 Z MM K> TRHlid 2729, Rk
REOHERS 2 FIBUL T 2 FHEAME L, IS, BRI OMHFROED a2 B2 2 L 2302,
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I3, RS 30 FFRREDIZDOBGU A TRE L TR Y, BRI~ OEME MG STy, TNEEOHERS %
PO WIFRITIE, AR 6012 K DRI @RISR 1M S 6 DO 258 & 3 2 Bk BRI
FHEEOMIE S 50, BENEROREZEET 5L DT, MEUUEEEE MM & 4 2 5 RO BEEW)
FEZINES L2V, R S EREC L D IEYROEISEMESROWER 2 5027 LT A AL > TER
T HERD OIS 690, (TR DONEOERAN DI EefeR &It IS A - IAVERETEEZ, HHI )
LISSEARE IS TER L, SR E LOEIET 2 BRI 7 ) — h T2AOFRO%ELH S
25, R IXES R ORGET CRARELSNOTFRZ D22 DITx L, BEHALD X 2 & B3 572
[FERIS, 3O EMDNEAET DG DB R ONETERA VIR E LR D, AEEIERER M A
DRI L 572, & BICANED AR CIEBREN D 5.,

Z T, AT, ATEORGUWREONLEREROMNTIEFE CAT- 85 OIS T T V4 HAREL,
KD KWL NTEANL, PEDHEL 52 TeBROMEE, FIMNOSKT ORARE RIS
THRERFITTHEAT L, HEMICE SMEMEOHEE AR CERT 5, ZOB, HRICET2EE  ny
=7 NORHORERCIBROMEIT L~ C, TAMIMANOMERRIEE I LD M7
TEIGRES, B8 OBEGUIREORERIZ LD NBEEE T U AL L TRIE L, TBOFE 610|222\,
[F> 7 U A% T DTN E RO R 2R U CTE5, #EIcHD MR e FE A
T %,

6.3 MHEDMTAETT NV
6.3.1 MEMEBREDHAR

AT, RIS LT, AARBERGSHS O “IRGBWNE 6912 Lo CTIEBEIZ 1TV, EAWMRTRE
IZIR>T, RTA - 7—FHGGRREEAT 5720, AARFEEAOMER 6T 5, iz, o
Rl & FHEEIROEHIDT-D, R TOREMCINT, PIWEHEEIC S, P b 2 1%
ED 6 T N—TF53 T T2 b, Tk 8 VN —T OEEHIAE CEEMTEIRIE & K 5, RZEICER L,
T — ROVEDDBAC, WERIITREG NG DN DG, FHEOXIEIE T 5,

ZIT, BETEDET /UL, RCEDHFEREFYHAME LI bDOT, 2Eaty—7271 v
ROFFEON -z bl & ARGE L7z b, S, AREREOPHEORMFHIMELL T, BEROA %
BREL, FEEESCHHAROEHIES MW -HE 2> 7 V—b, B, (LR, BEoHdEED 5
LEEWOFTHRFE OB 5 BN S, SECHERARE LT D, FERINT, SO =ohz
IHEOOENOF I LELERIRE L, MRS LB SRR L CNDOT, Table61 O
WEMET D, £z, RIEOET /MY, BRI OMTOREMEZHERT 5 7Y T 1 TR OT=9,
LRI T IR, SO DR T A% G 5 2 L ITRET 5,

728, EMYEREA SR ORNE B R OB L 3 2 UEIERT S MO Nl 2 BT 5720, £
HOSRAROELNIMERERBROFE & U, dhiF TR IR 1.08 %, W AWHLRIREIL 1.28 1%, )
FERREIL, —BHITY A RATY » MlgELRE LT 1.43 4%, “BeHIZ 1.06 {5 L, SEHRfE & AR
OEMREAHET D HD &35 61, Fio, FMDIERET 2 &—HE O 5 BRI ERNC 722 DLE A
BET 5720, RS OEMRREO LR 100mm (2i1Z, FEFRofE 150mm OBRE bEET 5, miE
XRAET 273, b U VONEIGHRITRGH TAORIED-D, fHHICEO T, 2AEORFHHIEY 100mm
TRy UERITDEEE 150mm BRTE U EF%T VWA O 2 ERIATV Y, R 255575,
KIZHT, TR B IR O O THEREORERRR S AEDOER, Hihe L, BROMENINE O &
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Table6-1 Specifications for seismic evaluation

Weight for unit floor area

12,000N/m?2 69

Orientation for evaluation

The shorter direction

Number of main reinforcements
1n one column

The number is selected randomly to meet the following
conditions.

« Rates of reinforcements are more than 0.8%.612
- Rates of reinforcements are less than the half of BS standard
value 4%.619

+ The number of reinforcements in XY orientations In one
column are the same.

Yield strength  of
reinforcements  of
before deterioration

main
columns

390N/mm?2 (as the medium value for SD345)61)

Spacing of hoops of columns

100mm, 150mm (for hinge regions and others)

Yield strength of hoops of
columns before deterioration

380N/mm?2 (as the medium value for SD295)61)

Number of tie bars in one
column

0

Rates of shear walls for all walls

10%

Yield strength of shear
reinforcements of walls before
deterioration

380N/mm? (as the medium value for SD295)61)

Rotation angles in the hinge
region at the ultimate limit
state

1/75rad

IR DI,

REHMTAOFRIIGE L TR, O, A SO O TR HE L EER—D7=0,

PEED IO REW 1 ORI g L U, BERIA, 28/, % 2 FlEERITmR O
LT D, £, PIMED S5 BMPERE LI IRE S NS, AIEEOH EAMOERROBERRE T,
DEEDHAANDEIZAEZ TND Z L 2R L, SR HD 2FIG 2RI 1E—E & LTI %,

ALOREFWRAT, EREOMEERICES HEMTEIEIR &, BIRED SR HE R C L > TRAE
692755, RARTFEHUTET 2 —HGalCRE L TR Y, BARNREEZRHET 258, dRET o5
FUREOTHARERIZHE L D WEED B D,

6.3.2 SFOBRIC L 5MERT

FEOERFH ORI X DR TIE, 5RO ASIHEE &= T L= B, PRIV b £
FROBERIFIREE & W AW RTREE W DA OBRRASRE DK T4 6-1 69, FAMHERBREIZ AN
L EMHOMEREDIK T4 6-2 6L - C, ML CERILT 5, £/, WML HHOBEE
2 100%I1 232 LT R CRRAHMEDIHZ 72 2 b D L RET 5.

o, = (1—0.0217 1) - 5y 6-1)

Tpu = €xp(—0.0607 - 1) - Tpo (6-2)

IIT, v ERWOER, o B USIOMREGEE, 0y, @ REARBFOVEREGRE, 1, ;5§
B LT8O AR, Ty R RBRS O AR
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BEDIKRIREEIT, #PHE &AM b T 2 R OT —F D E S AR S h D b, BED -
AHEREDOBEDSREZ SIUTORN 20 610, S50 RIS RO R8s % BAME L = & 2521, FEIC
YT, HMHEALCRROBEFRALED, HTERTREOFEIZ O DFE 3/ & BEG ORI DK
T, WAMHERTRE L A DEERT OFMRASRIEDIR T %, 6-1 NCHRILT D,

EAHOERDOIBIEL, A CTHUZ CO2, By SN, BAMENIC L DA T 23 F U AD 9
L, RICOUENAE TS L, EMOEBRENRRE S HBEENFOE, Fy 72— hOFHPO
OFERVOBHETAZE O LB RS/ (EHELIS N Ao U7 fER, BRI NER R Rk & 7e o 72,
PEFEEM O Case I OFERZMND, [FIEEEL, EEWOENIOR] & FMFIELSNOIERDIR v /L
\ZHEG T LTERER CTH D720, 1 EDOHZ MG L+ 2T 5 1T, MBI RETH L, £z, fighr
BAARER CREFMOH LN —FIBHET DIE S, BEOMHEOT- OIS 2,

6.3.3 HIBIFGE
(ViSRRI EE

HEEIRFE DT L ORFHIH T2 0, PR CHY B RC EEEFWREA R E TE, MBI D 00E
i NRIZEO DAk IS SRRERESIND, T2 T, 23K H 5, KHEAARFHRIZ/S
BrEX A2 SEZHIRE L GRET D,

BriEs OB LT, Bz, BEE S Fig.6-2 1R d472 1.25km A ORI ORI = ke A TRE
FRETVEERRL, 1995 i & 1968 \FA 5.2, BEWOINE N HIEEEZ KD TG 615,

Fig.6-2 3D non-linear ground model around Shinjuku®1®

BL, @EEWOYELZEAMORTEIT 5, HERBREL TWDEA, ifficna s va—2 %
L TWD, AT, EEWZEM - MR E TET /U LIc b, BRI E D8R Uit 4 254
HDT, FRH D OITFEDINEZAZ T, M E 2RI I E L7avy, [ERORRELHT

131



& D MEBMEDTER 2T 5 &, HTLWVRES AT L2 BR% L, Bl CHUEBISUCRI] LR
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Z T, AT, BRI R SRR AMRICBET Dian bt T, (RO ANIEZE L o
TEMERHERREIC L > CHEZ R E T 5, BRI, H#m%ﬁ@wmﬁ%_k%M®ﬁﬁ&&506
L LT b, fEARTRAE TR LTZBRIS, BECHE % 1 447E U Dl Am O R A4 INRIG RIS
VkD, FIHMICESEEIZ L > T, FEGWOBEEHERELZRET D, Jiuk, HF—I, N
FHHEOD A — UV U SR RRERRMERE IR cX e &, UL, ﬁk%%ﬁué@ﬁﬁ
AL T 555, HEOX v 0T 1 ETRBZERTOMLEEZAE L DD, REARTOS RN T]
BECH VY, MEMERFT DRHEE FETDH L, BEIG, FEEEZEELTDHE, 0/IIHLOELRET
ARROEY THY, Fiz, INBUSLLT OIEE] iﬁf L2 &b, MR 14D BIHS 720 e
WO HEIEARICE ST b D TH D, 728, DATOFEEIL, FAH7RER O A IS T 572018, kK
EREET D, FHEEIIFERR BRI U & L, SGOBARIEIOG U T, BEUWOMRELHE S8, &
LD E BIMET 5,

AL, BEHEOIZIES HOOFH TIE, E L7 ANRBEENHBL S N2 WEEWIE L H 5, 1T
BMT7 7 7 AOMBEEEL TCNDZ EIGERT 52, FELE, HER EoSTORREIT UL MIO0 7
T ADHENFAT 2 AIReMEDNMER S VT Y 610, WilgIZBE LW BN S RIZRICT 5 &, HiERERIEIC
¥ D PEA OFEZEOEBMZ LAUL, M10 % ERIZ2FHELESND 617, £ 2T, 2 TORREHZRD
MR —80T7 7o —F 2R, SRRSO FRIIBE L Wb D s 5,

WER, AARHERI I E 2 E T 2RO E CTH - C, Bl LComEhidind, mEEo
HERAE OB IRE U CRN LT IS Th A AU B A H 5,

@ A\HeE
)\E’J%Px’i 3, JBER, HESE I B SRR IS < HRh S O TR I R
SR IE L7 B & RSN OIEE I OBINE, SRR EHIERIC T 2 TR0 -
mzw I & 2 @) gk L IR EREN O EGF R OBIRICEIT 5 6-:3~6-7T U K> TTHIT S
610, 7pds, AEUE, HUERHEEEUIAEET DRI EVRIBO B2 & U CITBIMERS 5, it
PR A R EIT R EFREE O LB 0.5 LT IZ/R 588 & 975,

D, =t, NC,-S, (6-3)
t, = 0.0084 - (Pno/By)/(Puo/Bw) (6-4)
Sp = SpelSps (6-5)
NI, =S, - RI, (6-6)
RI, = 0.0309 - RC, 67

ZZT, D, FEEE GERE), t, : REEEEY) MY T OFEERAERS GERE), NC, @ X7
ﬁ%um@m:;é/ﬁ%ﬁiﬁ GERE), S, :@%%W%%%@E GERE), Py RHEIAR GERIE), B, :
e T (;H@kif) o 1 WHAR K&, B, : W (K&, S : FAERZIOEEUNTT
BAD GERD), %ﬁ 5 IRRDEFWNIFEA R GERIE), NI, : EEEE GEAE), RI, : BEE
# (FEAE), RC, : @m LR g R GEARIE)

6-3~6-7 RUTMERBHE X AT LIS, ATBCEOFRE 61976202 ST, Table6-2 DIl Y iE
D5, HFARERGNO RCEE S EOHARITFFAERE R SV TVRNOT, F5 T & RRAIMN
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Table6-2 Data for seismic evaluation®18~621

Night-time population of employee (persons) 137,299
Night-time population of students (persons) 31,090
Night-time population of others (persons) 77,018
Rate of persons at home at 5:00 a.m. (%) 93.5
Area of wooden houses (x104m?2) 392,660
Area of non-wooden houses (x104m2) 181,227
Number of wooden buildings (buildings) 403,748 - Afl
Number of non-wooden buildings (buildings) 433,017 - Aft
Staying rate of employee in buildings at the outbreak (%) 12 76
Staying rate of employee in buildings at 5:00 a.m. (%) 3
Staying rate of students in buildings at the outbreak (%) 87
Staying rate of students in buildings at 5:00 a.m. (%) 0
Staying rate of persons at home at the outbreak (%) 26.3
Number of buildings in the ward (buildings) 50,478

11 : Building numbers are made in proportion to total floor area.

T2 : It is postulated that all working employee stay in buildings.

RIS EH L O 62\ L 0, BUEDO REDIEEROBEUW OREDEIE 270 L TR
2: 3 LUET D, £, BEWIHEOMAITRTEIZHEL, BEOZHEX LA T LRI 2R U ThlE
L, TRBEORB 2T 5,

6.4 HUREFFEDRE
AEClE, B L TEEFRIHEE SN, RCEEEMHEOMERELZRE TS, HEO7n—%,
Fig.6-3 12”7,

6.4.1 RERBEEWMEOHIRRAKE

FERTBRLARE S OREETNEIEIE s Ok A h 7T L%, HHTHORIRES, Fig64(ord, U OlEd,
HEARE 100mm OFEHTHERIZ% L, Freedman-Diaconis DFELZEH L CE 5, FRIZIL, FEE508
FHAS U 7= A RN O ARATRO AT 1,615 B, THEAIIRE D 242 BROMEEMERISEE 2.5 LLF 4344
%, EERICHE L CORRT 5 62,

ALTHLNIZE—7 1L, HAHHIE 100mm (X4 5 OifEfR% O/RGURED ©— 23865, 7 150
mm | FHHE S O RO B — 7 BIILET D, MRS 0.6 ANMOEFWNE, AR D D3RAH
58T 39%, MR CIRIE 0% THDHDITK L, ASCOHHEIE 100mm (%, [FIFFEAS 2.5 LT O
HED 15%, [A150mm X 21%% 55, £, ALOBEWRAT, FEMEEED 1.5 ORI L
5O TEFBEL 0 2\, BEME HEORER 7Y v RO LT L, Wia-HECE RS, 1B
BT <, BUEORRFED 7 fFAN D IELIRE L, Yo7 n® A& T a0 T
FERDS, DRI SN b D B2 D,
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Input of building data with acceleration period arrival rates

v

v

Assignment of information about corrosion
histories in cells to members

+ Columns: ‘- ‘main reinforcements, hoops

+ Walls' - ‘shear reinforcements

Input of information about number of
buildings and humans

v

v

Calculation of mechanical characteristics of
members based on max content of corrosion in

each member
v

Calculation of seismic indices (/) for 200years
by the Japan building disaster prevention

Calculation of number of completely collapsed
buildings (N) required for 1 fatality in the
building group at the new condition

Condition of completely collapsed buildings: -
I/, =0.5

I : Seismic index

I, : Required seismic capacity index

T : Only shear strength is

association methodi

calculated by the design
guidelines about the truss

arch theory.

A 4

Iterative calculation of X required for number of completely collapsed buildings (N)
1,,=0.6+X « LN(0,1)

LN(0,1) : Log-normal random numbers

v

Determination of required seismic capacity indices

A 4

v

Calculation of fatalities, severely induced persons and completely collapsed buildings by the
Tokyo metropolitan government’s method

Fig.6-3 Flow of calculation of damage of the virtual earthquake

60 I I \ \
—— This study (spacing of hoops : @100)
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9 Is of buildings without seismic strengthnin6_253)
‘OU; 40 4| —— —Is of buildings with seismic s‘crengthningg23
8 ~ -
g /IS
> 30 7 \
Q
g / \
3 \
g 20 P L \
10 4 / N\ o N\
LI
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s

Fig.6-4 Frequency rates of I
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FER L LTD Fig.6-5 DWED A TH LD, BEAEDDIRND, ZEEZ R L TND b0, &K
ROE—7 ONEEE, HHHERUKST 1455 Th 2,

7o, RENHEIE 715 HULT, BEEEEIT 85 AWLAT TEET 528, FEEHUL 2.3 LA T ORIy
MLTHY, HEEBOAFEEIE DIEE ORI IHNZ L3530 D, 7ok, HlERE 150mm @
ORI NS WOV, AT NHIBEE TARD I 1 41272 HRRICHHIE LT T 5,

25 T T
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ot I | \ | ——~-This study (spacing
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Fig.6-5 Frequency rates of human and building damage
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IS APV N-YTAN
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SMBE, FEROWEED BNIERE, B/W TR RIS R &SR RIC D', SHEREN D B
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135



2.5 2.5

2.0 4 2.0
15 = SR T B s S 1.5 N S s S S N
R === .2 T ———=
1.0 1.0
0.5 Attt 0.5 T
0.0 0.0
0 50 100 150 200 0 50 100 150 200
Passing years (years) Passing years (years)
(2)@100 without maintenance (b)@150 without maintenance
2.5 2.5
20 Yo o 2.0
15 F====== 15 e
4 4
1.0 1.0
05 4t 05 +——F——F——F—+ —
0.0 0.0
0 50 100 150 200 0 50 100 150 200
Passing years (years) Passing years (years)
(@100 with maintenance (@150 with maintenance
Ave. e 3% Lower Limmit — —-10% Lower Limmit
------- 3% Upper Limmit — —-10% Upper Limmit

Fig.6-6 Transition of I
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T LTI TR Y 35 2 BIRRE DMK TS £ 5 RIS O EELAET 5,
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