= I EREL AT A ERICBRSEHEE 2000F 108

KETFHIZH TS
MTOITITILAR by OHEEIZET 2HE

PR HEL - /) A2 - &F

MILKE VRATLALTRE (T640-8510 FIFILTHRA930E M)
E-mail: s094053@sys.wakayama-u.ac.jp

2ELE FIELKFEESS BREVATLAER (T640-8510 F3k I LTTH5930% H)

SELE BBAFERYREIEE ERBAMER (F739-8520%KSHEEIL1-5-1)

L

1Z2ES8

HATORE & &b ICHSERPERSN, BREMICRASNIBEMITERCBICRZ TS B
EHCHFETZOTRRL, HITHHICLEFELTND. BIFTOTYTAA My s (BT, #FA
by 2) BEET DL, HMTREEHOFENEE BRATRL LTODEGER, t— 7147
FELG L OBEMR COMTRBICERRH D LELLND. £ TARFRTIE, TREBOBFEIEL
TWBESHEERTICRT 2 8TEEY (SHEMER, EE) OMTI by s O#iETo7/. #HEHS
HBE LT, HEHERL L LA BRSRERT CHTRER OMENCZENThOMT A by 7 BORESRH

iTo Tz,

EHI, WHEEDFUCH TR by 7y EEOHIE{To 1.

Key Words: Material Flow Analysis, Underground materials, Foundation of building, Road

1. [FC®HIC

mmEtea®E D ckse, 2004 £ (ER 16
) [CBTSbPEORDERAEIDT 19.4 #HH
EHEEANTWANR, 20550 8.3 (8 N AEY,
HEA 7 FREOETERINL TS, B-1 X
BBALEYDORGHONREHE LI O TH BN,
FOFRTHREDDEEDRH 256%, BEB2ED
9 20%% EDTVDHZ Laibis, oD, BE
WLiEgEboR¥l~vT VT VA Ny J BHEFHTH
X, 200 5% BETLIENTEDLLER
EhB.

HHOREICHDOEHSERPEFIL TN F
T, BAENDLZEMRXERICBIRR A TS ER
SIEFCHEET OTIRRL, HTEHSICHEE
AENTW3S, BEgciE, BB ETAE, T
8, BEHOEBNARLETHE. TO=FT VT
A byl BEETBHI ERROBTEEICERER D
3LEZ2HND.

1) HTREESHOFENRE  HTEEDOREED

BRI EHOBEICHR X FRELRD T &M
%<, TERKOEEYRMEFHECRN T +aEET
BBENRDHB.

2) WML E LCOYDERER : RERTHID
O & Vo L EIRISHE T ESICZ L Hbh Ty
5. ILOBEREREE LY M BT LiEkER
BT 2AREOHLEMEBO TRIHHHELE L
TOMTOMELZRETHZ N TES.

3) E—F7A TV RRE L OFEH#M ST OEE
BRAEBOLROVEBIZLDZbDOLBEZB LM
TEBLN, ARLREETHo M TORRERED
BlbEEERIELTWALELZS I ENTED,
HTO~TYTAR by 2 3#Ho TRkER ©
IORbDELTHADILNTES.

Z I TAMETE, HEEBOBE/EATRY,
1989 ENBLFHABEREAFTTOIZ LB TES 11K
SREST GEOBEHEERTIIAE 17 W)
BT SBEMLEROHMTO=T YT VA by
WA BT, £70, HEOHTHEY L OLBET
Lt b=F VTR Ny 7 HERHBITS.

-331-



{EHXH P2
1200
i
1000 e W,
— ¥ SR
Y] pobm | SREES
i
A
800 d--e-e---s-d T o TRl
ToM kil - TRMAEH
= e
- B2 - B - B EROE
ER T B
800 fom-eneesmo FAR - |
Wtk
a0 | ] L= T I
s
260
BARAR
Lk

o
-1 &R BEDOEENR
(8 : FA (2000) 2 X 9)

2. TFOITUTIVA by DRt AE

(1) EBEY

BEDIZOVWTOMTOT Y TNVA by 71T,
GL (Ground Line : H{) U T DOEMES E LT
Abvr &, RAbyIEE, —ABTEOVDRALy
BOWHEITY. BEHO-TITNAA My 7 O

I, FEEE D VYOF—Fh b LICHEETO.

HEERMNLOT—& L LT, BYKRRE W
LXK iEdE, MADEERWS

BEYOHT R by 7 BOHH T, BYKER
CREMNERWTHREZITY. R My 7 BORER
HROR(RT

Stock =S xK ()

I, Stock=AtrvZsE, S=mEHE, K=FE
MNTHD. BEYORMEMIL, Xy BEOHER
TOBREMOMEIZL > TRRE. ko, Rby
7 BOHE L, EFTBREHOBENIITY, 3BT
BEMEETOR Ny 7BE2ROD. HETIBE
BoEEL LTI, AELIEREL L, AVWAHE
F e s PFEEMLEENOLD LTS, REAMIZD
WTIIBEOHERT D OREMAE A S, FRL
TR EALE R-TITRT.
BEMOMT A b v 7 BEOHER TIX, iR Lz
BEMOMT A by 7 BOMEER & HEILRSRE
BEAVTHEHZ2ITS. R Py 7BEORHERTR
DFEPTTT

F-1 mEyEREag Y 19

=rn] s BRIt /i )

i 1.372

=t IR 2.161
A i 0.317

wT JE R 0.508
. Stock

Density = (2)

Area

ZIZT, Density=*by /%K, Area=T{t
RIEEETHS. REHOR by 7 BETIE, T
CREEEEBEE LTA by 7 BEOHERTH.
AL RIRERE L 1Y, BICTEEBR LTV AR
B, 7 iEA 10 PRI B R DD BHEI IS HT AT
bEMB~ERKE ODOEEE SN TVD. —F, #
HREOER TIILME L O A v 7 5 REE S
NTWRVWERSREERTVS., LER-T, LV
EfRA Ny 7 BERHET 2700, THLEKE
EEE R E T 5.

BEHO— ATV OMTR Ly 7 BEO#ETIL,
B L2 BB OM TR by 7 BOHEHER LRA
O¥xAWCHEE1TY. BEHO—AHT ) DR
by 7 BORERITRERGUTRT.

Stock = _&L (3)

@i Population

T, Stock =— AHEVDORX Iy I &,

capita

Population =R AOETH 5.

(2) &R
BERICOWTDO-T Y TRy 71, RENH
FieEsEL, ®£B, BEBOWABHTICHEETD
LOLLTALY /B, R hy7BE, —AbRY
DA Ny 7 BEOWHEITS. BEOT U TAA R
v 7 O#E BRHEROF — 2 &b & LTHRE
T, F—& LTI, EREE, HHEKREE,
BAODHEZANS.
EROHMTR by 7 BOHEHTIE, EREELR
BT 2 AW THE 2175, BEROX by 7 BOEHE
KFXWERAETH . BEEOFEREMTH, X b
v BOHEERITOEBOEEIZL>~TRRS. L
TeloT, M LEBEYOMTRA Ny 7 BOFE
LRI, FTRENCA Ny 7 EERDIZHTE

-332-



BEETOR Ny 7EEZRDD. SETHEBOE
EELTCE, BT A7 7, BETR7

v M, A by Y — MEE, BRELL

RV BHEHT — 2 PREMLEENO D LT 5.
FEAL, BRT A7 7V NEELBEET A7 70
MEEEIZ DWW TR EDOIFRR T DORBA Z A
5. vAV bary V— MEELBREROWDTE
SHEEEM A oS ETHER D 8 9 10) 11) 12) 13)%¢
CICRBEMNOREEZTY. EHLEEREMER-2IT
R

EREOHMT A by 7BEOHF T, AR LB
BOWTR by 7 BOHRRER L T LRIRERE
HAWTHHZITY. EBOR Ny 7BEOHEAIZ

KR LAFETHE. BEROMTA Ny 7EBETSY,
Al L= BEMOHT R by 7 BEDHE LRI,

T ERIBEE LIRS LT by 7 BEOHES
i72.

ERERO—AHIEYDOHTR ~y 7 BOHE T,
MR L2 BROM TR by 7 BOBHERLBAD
BEROCTHHEZITY). BEO—AHZYVIDORA Iy
7 BOHEREXG) ERFETHS.

3. MESYTFUTLARA MY DHEHEE

(M EEY

BEMZHOVWTOMED=TF I TRy 7,
GLUED DL LTRA My 78, Ry 7ERE,
—AHIVDX Ry 7 BOHHEITY. KEERD
T2 L LT, BREREH, fdRIREE, &
AD$EERNS.

BEMOM ER Ny 7 BOHEETIZ, BEYOH
TAMY I BLEEDOR by 7 BEROCTHIZT
5. A by 7 BORERITKRO{ENTTT.

Stock (4)

upper

= Stock ;, — Stock

lower

e, Stock,, =HLEA Ly 7B, Stock, =
BENEBOR Sy 7B, Stock,,, =HITA by
JEBETHD. ETREMEEDOR My JEERD,
ZINOBMTA My 7BE2BETIZ L THEX L
v I BERDDL., BENEEOA My 7 BEOHER
RAMERERETHS. REMICOWTEHIREOH
e WoRBMEBVA. R L REMER-
10 T2k OESFITRLTNS.

%2 EEERLTD 8 9 10 1) 12) 13)

£ @ | . [TL
BRTAI7 VM MBT RO7 b AV R ) =Me]  BiElym)
EEEL] 01176 2094 05714 -
iR 01175 - -
13 E 0609 0.147 042 -
2004 N‘an 0721 0.142 0415 0205
hTaN 14475 02912 0935 0305
2 15651 03852 15084 0205
EREL 0417 0034 05714 -
[1] 01175 - -
LE R 0.1035 0.147 042 -
[620-2009 4 ‘Flaz 0515 01202 0515 0208
i TaH 1338 02672 0935 0205
24 145% 03612 15064 0205

BEHOMER &y 7 BEOWS T, Ak Lz
BEHOMER b v 7 BOWFER L T LERT
BERAWTHHZITY. #FEXIRXQLRAETH
5.

BEHO— A O EX by 7 BOWE T
Bk LeBESOHmER Fy 7 BOERBERERBA
AKERWTHHZT). HERXRIKXRQ)LREET
H5b.

(2) E#%
ERIZOWTOMEDT U TAR by 71X, #
OB ECTEETZ2bDELTA M IR
ANy IEE, —ADTEVDOR by 7 BOWE 21T
5. HEtEROF—& L LT, EREE, Tl
KIRERE, BAOEERAVWS.
EROMER Ny 7 BOEF TRV AEHERD
F—%, B, HEXIEROBMTA My 7#
HOLOLRETHD. FHAIZOWTHE, R20
[FE] O RLTNS.
EBROMEX Ny 7 BEOWHEHTIX, g LzE
Bo ER by 7 BOWEHER L THELRBEEZ
AWTHE 21T .
EED—ABH-D 0o EX by 7 BOH T,
AR L2 B o EX Ny 7 BEOMFEREBAN
HBEBOTHITETY. HEXIKXQ)LFAKETH
5.

4. T - HETITUTILR by I ORERR

(M EEY -

BEYOHE, MTORA Ny I8, Ry 7 EBE,
—ABHIZV DR Ny 7 BOWIHER ¥ E-2—E-4iC
BT, 2B R by 7 BOHERERTHY, B-3B
ANy PEEOHIERTHY, B-48—AbRY
DAy 7 BOHFHERTHE, 2B, ZOHLUE
KRLTWDIETDS T 7 TR, #il, #ITFTO/R

-333-



REEhEh7 7708, THIZOTFTRLTY
5. E-MENIEBEEZELTEY, TOHMEIZ1989
FE2004FETHD.

7, ANV I BOSTTTE, HHER Py oM
WML T DIZLER-T, #HTFX R v 7 bika
WML TWA0RFELERNS. #ITIEET S X
My 7 BIIEEOR Ny 7 EOK234% THD.
7o, 2ELIEI & 3EIGICTHER LI RICEERI TR by
7 EEFHE LR, £H3BBTBIC o0 TRE

TlHE BT, FRECITHMERER L.

IBIT, FEREDOA by 7 BIIAREDOEH29E L
oz, XoT, &FEDA by BIIFEAEICE
Sh, 2ficEhEmE R~ TR L 2-oT 3.
WIZ, ANV I BEOCT T 7T, i, hTT

2200

HIZH RIS AR AT CETTE OF L TH B8
FBEWEZRLTWS., 7, R by 7 BOAH
LRI AR BB & I D BB B ERTT & BRI A I
SE D GIPNBRERE RO,

BBIZ, —ADTEOVOR Ny 7 EBOT T 7T,
bk, MITHIIEMIZETERD D Z EPFELRN
L. BEEETMEDA Ny 7 EBOEX, #ET
1320~30 b, HUTFTIZT~10 R 2o Te.

I e By IR
FLRE
i

I BB

g
- B
o BHEBH
A — SR
At — e
— Eu ekl
- - BT
— = - A

2000
1800
1600

1200 [

ZhyhR(ERY
-]
3

H-5 EEALyIE

1.2 - 0.03 T
1.9 0.025 e

B o

AbyyBE W)

~ABEYORFIRWA)

B4 —Abi ) OREMA ks s &

-7 —ADEVOEBA MY/ &

-334-



(2) 838

EROHLE, MTFTA N7 8, 2y HBE, —
ADBTYVDR by 7 BOHHBERZE-5—F-TICR
7. E-5BA My BOHEHBRTHY, H-61X
by 7 EBEOWHBRETHY, H-TE—AbHD
Ay 7V BOWHFERTHS.

T, ANV I EDT T T TIE, KRBSOEHHN
HTIEAIRTWS Z L BFELTN, HTFICEA
ENTWVWERA My 7 BRIEBEEDZ by 7 B0
88.8% Thd. T/, 2B L3Z2MI CHH LA
WWHEN TR Ny 7 B LR, DIERYT
BBAEMER LIZ. UL, BFIEORERE R
My 72 &84 7L, DR by 7 B THIMER
ERLIEDT, BEREEDR by 7 BOWEFEEE
HEMERZTRS LTS, '

R, AV I BEDSS T TR, thit, #hTFT
DALy 7 BEDEWVWCEESHh, T TOBEDE
BEL<oTn3. E/2, TR by 7 BOHHE
RCKREVEEROFHEVVEZRTLTWEDIZ
MLT, #FR by s BECOHFFERTIIHERE L
DORBROFBENMEERL TS, LEN-T,
RKETOEBEOHT R b v 7 IO TRV LA
FTOE>TNBENSIZLREBLZLNS.

BB, —ADTEOVDR Ny ZEDS T 7T,
A by EBETOETTOIEMNOIRIFH 2R R
722 TWa. b il & SI3mE &R
DIZHL—ABTEDDRA Ny 7BREZEN®, ER
MEEH AR LR TR by 7 2HET HHBREN
LEZLND.

Q) BEMEEREATOREDLLE
CORREY), EROSETH LT OREKRT L
DI, 18, 2HiTOREY, EROWIERLRE
TERMBELRES T 7 #R-8-R-1013R Y. H-8
BA by 7 BOHABRTHY, B-98R by 75
EOH#HZERTHY, B-10B8—-ALVOR Yy
JBOWHERTHS.

=7, A by BOWEHBERTIX, BEY, EBF
BIITWIMEIA ThH o Z &0 b, 20X vy 7
ELEIMER TH S, H IS TIREYDS, BT
HAoTHLETREMNER IV LEEZ 52 TEY,
BEYPHMTRA My 7BIIEBH TR by 7 E0H
19fETH D, £/, 2HEOHMTA My 7 B2 X
by 7 BORZ59% THY, WISET D EEEDH
kxR by LB,

WiZ, A by 7 BEOHEERTIE, KKH, ®
- REREH L MOBSIRER T OENEEY bk

— ABHLYDRAIR W A)
[~
=]

-335-

) 4 T 1

8 I RS I N EEORE

[ B N A Y O L]
T .

RN

E-10 20— Atz bty s &



THEHoED LGN TWNARZ ERFEABEND., £,
B-9L 0, TAENOHSEEHT CHER Ny
DH50% DA by Z BHITIZHFELTVWS LELD
ns.

B#IZ, —ADIYDOR by 7 BEOHHEE TR,
A by I BELGHOIEM THNMERERT S 77
Lo TNAZ EBmARNS. BiEMiciE, be
i, BEEERREES, LT T OB SR EE T ONERL
KESEHLLTWES, 2Dz b, RUHTHEE
HCHLHSEERFIZCL > T—ABIEVDR Y
BREL, ZOEETEARZFNELL, 28
BRA Py 7 BHOTESITE I LT, YRGB
TV TNA NV #HEBETDHZENRTEDZEEL
Hihs.

5. EELDHLESHRORHE

ALY, RETOPICHEEL TV LEEY,
BEOT VT VAR ZIZ20WT, oK
BIBRZTWRWHTROO=T Y TAR by s
OWT, ZOEBELBRENICHIT I LN TE
o, Eie, HTFESO=F VTR by 7 OHEEH L
FIHMEBZOCT YT AR by 7 bHER L2 &
T, TNODOR by JHFHERZ B LN b
TR ENTEE.

SHOBEIZOVWTIIUTOED TH B,

1) BEMO=T VT NVA Ry ZH#HEHIZHOWT, K
&, FAEOKREDPRGEE I LITHNMNER T
H|L, #ETS.

2) AR TSEIMZ TV ot ETFAE, X
T, BB, BB, TR SOFTEEYIZOWT
LR EFTS .

BEXm
1) BREE : Frk 19 FEB R - BRERSEAE,
2007.

2) /AL, BNEN, HOH—  BREHO~T VT
WRG AT BT IV TNVA Ny 7 EBERA
OBRICET IR, £ 31 HREY AT LR ITR
FEHEE, pp. 407-502, 2003

3) KESHSEEHBERS | AHA LBMEHER, 19712004,

4) HRERBERBEE . KR ETET AR OMR
EHEEEOFRHER-2001—2030 EE, EXK, BE
EAkiE, TAGE, T, fEEEHLIC-, 1998.

5) FRiE &% : BREMMIARIC BT BREINGRBREH O
HEHcBE TR, BEVAT AMERIEEZLSHER
£, vol.34, pp.291-296, 2006.

6) BELRBEEERBEEBER, BEBNERRTA
£ K I8 FER EABREHRESE (BSE
2006

) LR E, WARRSE, SNEM  BREIF¥-D=T
V77 u—FRbE B LEEMBEARERMORE
Bt EAFSHEIHEREERSEE, 2004,

8) FWEEE OB EYICET I EMBRAREMOEER
LB 2%, TAZAEEINEREERSTE,
2003,

9) BAERBES : vA bars ) — NEIEERM, 1972

10) BABEEHS AV a2 ) — MERER %
STAR, 1984.

11) WAz, MUk FiF BEME, sy AHEE,
2003.

12) BH—ER, RILEE, THE#X: FR ERI%-+
RHRBE, BERHEKS, 2004

13) RBIE= : WREDER L5, 4 — 2ot 1953,

14) EHE D BEED L HRRE-BEOIFA 7Y A7
NVRIEAN -, BRAM - HETESHE, 199%.

1)

ESTIMATION OF UNDERGROUND MATERIAL STOCK OF MEGA CITIES

Azusa FUIIWARA , Hiroki TANIKAWA and Shinji KANEKO

Huge material is required in the city region for maintaining and developing Urban infrastructure (i.e. the stock of

buildings and road networks). These materials are stocked not only above-ground but under-ground. The material

stocked on the ground is easy to recognize, but underground stock is hard to quantified. Furthermore, underground

stock relates to some urban problems, such as intentional withdrawal of underground wastes, efficient use as

recycling resource, urban heat island. This paper attempts to estimate above/under-ground material stock related to

urban infrastructures of 11 Government Ordinance Designated City. The results indicated that overall average of

above ground material stock related to building and roadway is 78 tons per capita, underground material stock is 45

tons per capita in the year of 2004.
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