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Advancement of Construction and Quality Control Technology
for Fill Dam Construction Work in consideration of New Needs

Abstract

The aim of this study is to contribute to the advancement of construction and quality control
technology through the research of “Construction Control Technology for Renewal Construction
Work” and “Rationalized Quality Control Technology taking account of Fluctuation in
Construction Quality” which are regarded as new needs.

As for Japan, there are 2,642 existing dams; besides, approximately 30 % (734 existing dams) of all
fill dams were constructed before World War 11. It is clear that existing dams constructed before
World War Il were not reinforced against earthquakes since the seismic design were standardized
between 1956 and 1957. Therefore, seismic verification of existing dams and renewal (seismic
reinforcement work) based on the seismic verification should be required. Additionally,
“Construction Control Technology taking account of Stability of Existing Dam” should be needed
as the existing dams are usually reused for the renewal.

At the site of the YAMAGUCHI reservoir (earth dam) situated in between Tokyo and Saitama,
seismic reinforced embankments (new counterweight fills) located upstream and downstream of
the existing dam were constructed in 1934. During the renewal works, there was concern about a
decrease in stability of the existing dam. Accordingly, observational procedure and analytical
prediction focused on the stability of the existing dam as a way for construction control was
proposed and applied for about three years. As a result, it was found that the techniques were
effective against technical problems which were specific to the renewal construction in
consideration of the existing dam stability.

Similarly, information and communication technology (ICT) construction control techniques
achieve a remarkable effect with respect to the construction and quality control of the earth and
rock-fill dams construction work. In addition, quality control based on new concept which has not
been applied to the earth and rock-fill dams is carried out in cemented sand and gravel (CSG) dams,
which were a new type of dam and developed in Japan. However, material management is
dependent on a traditional sampling method. From this perspective, it is definitely possible to build
“Rationalized Quality Control taking account of Fluctuation in Construction Quality” when
real-time material management is performed.

The author developed “Fluctuation Monitoring System for Fill Material Gradation using Digital
Image Analysis” focused attention on gradation of material property of earth and rock-fill dams and
proposed rational quality control technology with consideration for variability in construction
quality utilizing this new system. As a consequence of introducing the system to TOBETSU dam
(trapezoidal CSG dam) and TONO dam (rock-fill dam), it was concluded that the new system could
be applicable to monitoring technology for fluctuation in material quality. And, it was helpful for
“Rationalized Quality Control Technology taking account of Fluctuation in Construction Quality”.



o7 =— XIS R 7 VA LR TR

BT S EE BB O AL

B X
FT1E HROERLEHN, BIE -1
11 EDE= e
1.2 AEDEW <-4
1.3 HREOHME -7
EE P =14
FE2E EENEDLOILI(AILS L, BF CSGH L 15
2 & Xk =24
$E3E EHANAEIANFLOBREERIENDEE -+ 26
3.1 JA4NFLDORK <+27
32 ZAEDIAINE LOBEIK -+30
33 JAINFLEBEIEDEE -+ 31
3.3.1 BRI BLAT
3.3.2 IR HIGE Wk it FLR R LLAT
3.3.3 B R LR 1%
3.3.4 BIfEDay 77 )V KR T 5
34 FEIEDELD <40
2 & Xk 41
FAE JANFLOBMBEREEMNE)Z2—TF7ILOLEYS e 042
41 EANEDOIANT LMEZRET ZDOH#T ++43
42 T4V EF LD EHEEH - +46
4.2.1 FBMENIOCBIUREHMEET
4.2.2 FriE B H R (2004 4F)
4.2.3 B FNEHE (2008 )
4.2.4  BHALH D7 RS i ER (2011 4F)
43 BB IINFLOWMEERM LOLEN <+67
4.3.1 BERX 74 NH LR B O F
44 TANEL)Za—FILOEMHERE <+69
45 FAEDELED <71
2 & Xk -+73



Hriclp=—AB BRI V& DR THI I Dt T« B A B AT o i BEA L

EEE IS L)Za—TF7ILIEICETIRERRARTEHEEFE +++75
51 IWOBFKMRZEABRIEIEOHME =76
5.1.1 LA ArKH
5.1.2 [ [ A7 K O FE JC &R
5.1.3 ERIRIL THFOKF
5.1.4 KR/ T O 2
5.1.5 i 58 % 44 B}
52 RABRIEIFBICLIMBRARERETOANZXLA ---93
5.2.1 Mi TAT 7 LRER SRR D% E M
5.2.2 A B8R 1K NLIE O BE 3% 52 IR ZE )
5.2.3 SRR LRSI ATy T I BRUOKE 2B, SRR EMICBE 55 4
53 IR BEANDEERICEELEEIEEDRE +--96
5.3.1 FHAIMRFT
5.3.2 fig T4 B
54 BHREEIEEICHIT-RRREARAE ---98
5.4.1 Rl a— Lol
5.4.2 BERXIZROMELN), J1FHME
5.4.3 BERXIRAR O AW R SICBE TR
5.4.4 BERRIBARADELD
55 MHARITEIKROEEEEFEDORTE +--108
5.5.1 MaEtHiE
5.5.2 N3 <O FRE R & PR O E
56 FEMHTICKDHBBLIBRIBORAEBZHSIVRTEED T A +++115
5.6.1 MFt7m—
5.6.2 ifi 7R A% - B ST IR 0> ) HE B AR 22
5.6.3 FEM f##T 5 ik
5.6.4 FEM fi# AT 5 5
57 BB TEIPOETERIAIGE ce0127
5.7.1 BB 7K JE 481 ) A5 R
5.7.2 BEFRLER DL T BLHRE B & 25 e M oo 1 5
5.7.3 M58 Lok T ELRE 5
5.7.4 BERERBLHIAS ROELD

58 BFHMILEIEEOFEANK .ee152
59 E5EDNFELHESHDORE BE .e.153
5.9.1 F&®
5.9.2 4% OHRE
5.9.3 E¥

%%Xfﬁﬁ .--157



Bl lp=—AB 17 5 DR THIZ R D0 T an B A B AR O i AL

FOE JMNFLERRIZICEISEI-REEEORRKRESEROTAK
6.1 T T LERAMBEEMBNRI-TRENRE
6.1.1 fff A BEEZE R E
6.1.2 a7y —r
6.1.3 T4NH—
6.1.4 avyry—r
6.2 JAINFLEBERISEZHhOREEE
6.2.1 TA/VE LELE PO TR
6.2.2 MEEHHEH
6.2.3 ShEEBREVED L E
6.3 ICTICKB T/ FLEIEEDERK
6.3.1 BA LITIITHE A FH A4
6.3.2 ICT (L 5hE T4 PR O A
6.4 JANFLBERIRICETI2REEEDRE
6.4.1 (%) & LT 52 TAF 2850 2 O f 5t s R
6.4.2 BUEDOT VK L EE B O E
65 JAIIALET-GEEEOSEOAMMG
6.6 FEO6EDELD
& & Xk

F7E ANMCSGALOBMELREEESE

7.1 FiE

72 AEDE=R

7.3 8% CSGHALBLU CSG TEDHE
7.3.1 B CSG X LD HE
7.3.2 CSG T.iEDOHEE
7.3.3 CSG LarzU—h
7.3.4 BIF CSG Z LD T

7.4 VDLW ER
7.4.1 OUF B
7.4.2 OLIEOIERK

75 % CSGALICHBITAMEEE A
7.5.1 CSG T.iko§hE & B o %
7.5.2 CSG Tk fh g & ¥ Tk

76 ETEDFEED

ZEZ x|

.++159
++160

++170

++193

++198

++201
++202
*+203

++205

++206

++208
++209

++219

-+224

-+233
-+234



BT lp=—=ZADD RT=7 4 V5 DR T 31T D 1 - it B A8 BRELAT oD 5 2 AL

F8E MIRBEOEHZzZEL-AENLTRETEFEAORE
81 TORANNASEBGERVELIEMHOMELESHER O ATLDOERFE

8.1.1 M=

8.1.2 BH I D518

8.1.3 AT LML

8.1.4 & ik

8.1.5 Hise 15 &I 18 fif A & 5L D5l
8.1.6 RLEAT v IR

8.1.7 L PRANFE b D HE & 4
8.1.8 KLkl 4y fift BE LAl B G FE

82 HAFLMBEEBREAROHE R
8.2.1 CSG #4 okL i 25 B A6 1) D 43 Mt
8.2.2 KUY\l G IERE R EAR T AT LOHEE #E F O g
8.2.3 KLfE bmm JNFH & R OHEE 7 1A
8.2.4 M RIK N CSG b KL R INFE th R O HE & b 5
83 HAFLTHOEAEBLREEEDEHEL
8.3.1 HEAHE
8.3.2 CSG 4 k5 £ 22 Bl K5 1 5 S 451
8.3.3 CSG it ™4 HDfEEHOE AL
8.3.4 H¥HIFX ATORVMADELD
84 OVIMHMEEE~ADEZGMNEE=RI) I RATLDOER
8.4.1 MRF LZBITDay Ik~ H MR 5
8.4.2 B X vy s bRL A Bl ~DFRAT A R R
85 MIMBENEEHZEEL-AENLRETEFZIORE
8.5.1 MR E =XV 7 ®%NFH LI BHE B
8.5.2 Jifi LEhWE OAEAEEE LA B 50EE BTk
86 FES8ENFELHLHESHDEME RE

8.6.1 Fi
8.6.2 A OMELEY
S E Xk

FOE AMEDHEBESEDEE
91 ARKEBDFEELED
92 SHRNDEBELRYE
FNMXEK-ARERE

E R

++235
++236

-+248

*+256

++270

»+288

++291

£+294

++295

++295

++302

++305

++308



BLRXME

Fl-B=— A DRE=T 4 LY LARRTHEICE ST - REEERFOBEL

. ROEREEHM

ﬂAfﬂmﬁﬂm XSS OHR A= T 5EE 15m U EOX LD S, BA @& TEMER E
ERWIZE LOWHE 7 A VA LN, T g H DR TEPIT O ML - SWEEEY, RSO
MEOEBE, TIREE, HOPEE, WEEHR EZIGICHESTEY, H*Okié_&ﬂ%ofi&%@
W, RBFFETIE, FH D7 4 VA LR TR & BUEH G AP i (2011 42) 126 2 RIE & & (15
E5UR, 1949 4F) OWREEFRF| 72 EIZHE ST L7277 4 V& SR TSR Dt T« SVE A PR 2B
ToHH=—X (J=a—7VILEHE WEEHOSENL) 2RI, (740X L) =a—T VIR
Dl TAEBREN ) 22 50N ThE TAVE OE B & 58 L= A 72 S B BREN ) OfFgE, BH%, F2E T
BUGA~DEA LN FEOMIEEITV, 5% O T B P Om ELICE T 522 HRELT-,
AMFFEDK FEOWEE L IR AU FICE L DD,

2. ZERETANFTLORRLEERTIEOEE (F3E) "

HNEORBER S L 2,642 KD 5L, 5 HFRERDIFNC/ER SN2 7 4V F LT 734 H & 24 LK)
30% % L TWD, HBEREDT 4 VF L THLHHRILM (616 L, KK ZiT U e LT, LAk
R E CHEA - DMOEA L L T TR SNEZOIREEMEZ B =7 —2 2 L Th b, HiEH
uhuﬁ6&7~zabﬁm;%*&mﬂ%lémh,_&ﬁﬁﬁﬁ&%ﬂﬁ®5bﬁ AL,
T4 VE LTI ERS A (1953 4, HFR) Als A (195347, SFR, a7 U — MEKEEARD) A3
HER ST, By 7 7 gV NIERERS L (1961 47, ERUR), BZ A 2 (1961 4, REFIR) CHdlro
WX, 1970 4EARICITER A 150m LA E, 721382 0RFE 1,000 7 m® LA B KL 2 (B 203, @il 4 2 (1979
EaEﬁ%ﬂﬁ@%éhﬁo%ﬁ®ﬂy774WﬁAT%5%ﬁﬁA(mﬂguﬁi%)@@5A(mﬂ
, BEUR) 72 XTI, ICT (Information and Communication Technology) %38 A L Cliti T FLEAT O &
LB BTN D,

3. EMNEI NS LOMBHEERHEIANFTL)=2—TIOLENE (FIE)

BREO T 4V A, FEREE R (1995 42), Fril s (2004 42), B3k - SRR (2008
) BTN D URTOES IR CII R RERIITE S e oo, L L, HACHG KSEPE IS
(2011 %) TITHRE X LREE L, FERBHE GEE T4, ITHARE 14) bbb L, ZiUdsE -
WAHEF KRB LARE, (Ao & A KRR L 7= BB EYOFEF TH 5, T E DX AitER A L YE
fbEN7odix, 1956 4 (FHFn 31 4) @ il BEEDLET 72 5 ONT 1957 4 (BN 32 ) D& LgkaHik
EOFUTTHD VLD, BRI RKEUANCER SN X L85 5 (T4 VF hT734%, 27
~hﬁAm1ﬁ)imEm#ﬂ%MénTV&wT EMER RV EWR D, Aok, R Z A1X 1949 F5ERL T
bV, MEFEHEEEELANCEREE, B LINX MY T 5, HRAEHOMERCTHL2HNE BN
T, MR SEM STV W RTREMED 5 D DR ERERE &4 A DK 34% (895 %5) 126 KSDITH A L&
W TH Y, TRHFEHIEIC KT 5 7 AMEMERATES (%)) (2005 42, [ELAE) (ZHEL L 72 BERX
A LADOMEMRA L, Z OfRICESWIZIEMROHEENLETH S, Blih)s 1,400 ORI 6 [k
BEINTWVWDL LI, 74N LORENEEBEREDHERT - 7 RITIE, WEMIRARE DY =2 —T LB
Th D, ji V= a—T VTCIIBERIERZG0FHT 5 Z kb bnd (B-1 28) 720, [BEREE
RO EMICE B Ui TEFLE ) BZS0ETH D,



BLRXE

P TP+120,0 s =
_t/Jltl. t;ﬁ*ﬁgﬁ@i .P.+115. \/ i —FI} L*ﬁgﬁ@i

182m (BEERIRIK)

45m(LiR#EReE L)

l——
——

-1 Btk g R b T S vl (]

4. J4NVEFLYZ2a—FPLIEIZBTIRREHREMEETE (FHE) ?

(1)  WOEKtIRAR{IETE S HaE LR IIRORRLE N

FRARKE RN E B 2 1 A kit GERR, Seilid], FORERsEAT LT, S ERATIRM) (X 1934 4R
SERL LT KIEE A ORI TH 5, 1L DIkt TR e BIR AR HEE (1995 4F) 2 3 rkm L2 B Y
& U CHERRERIR | PN AR -2 B 0 SEC A AL TF (-1 28) 247 -o72, 1Lk oRERR
B CREMEL) skt IRy £ U0 WbHs) 13 & LICEERKETH D720, Misamk iz KX 2877220
EPERERARIC/ER U CRIBUKENRAET S &, BRRREEN R T 5,

(2) ERILELEEDRE

FTREE TRESTIRFONE TAEFE L LT, i LH OBERR LRI & flioRak + OB REBIHIRS RISV TR E
ZEREICEHE, TRL2NOHELA21TY MERMUELER) 22 L (B-2 28), HFHbie &8
TIX, FANCEHRE L PRV & SRR BLAS SR2 b2 THEAEE, 7o & ONCENREBLHIRS 5 & Sk
L7 FEM fi#hr CRERREEIA & iRk Lotk 0@tk i3 2 [PREE) 2% 5, FBKEOR
PRECVEMEIE, BERRIRIR b Misamk Lo =N /E U D RIBKEZ XT A —& & L7250 T TR E L
7o EORER, BERREER & AsaR L OMBRAKERASR (BBKE 2E0EIG ) 23 E HIZ 60%LL F Thi
T RO ZRRN 12 U bEERD I EPMERTE 2720, A2 EHEAREMEE Lz (B-3 21), 512
IR TREST A2 > X = L— b L7z FEM ZE) THRIBIT OFE R, BESI5E TIRFOBEGRERIR & ffisfak H o PRk
JEFEAERIT L I FILUEE (60%) % FEI-7-2 &6, AL EMIIMETE D ETHILE,

() iHRRRE LT BT SE T B DR AR E M ST

#9798 5 m® DAHTRES TR%A71T 2000 4E 2 H 236 2001 4E 11 H R DKI 22 » ABITE T LTz, BN5E 7D
MBS E B 50> B 3R o0 7o BERRER AR 72 & QN A g 1= o0 R B/K TE 78 8 SR BLAL HEME (60%) % FIal-
THY, BELEMIMETE LW L (B-3 2), 7ok, BFUKEBLR B2 55Kk 7= K E
FARIT FEM ZEh PRI REZ TR0, Zih

I% FEM FEHTIC IV CRERRERIAN KA. & e & 24 | RS A - KB R 1 0D W ST |

D (BERR AR E) IR E LT Th 5, I

TROFBLFIZI\T FEM ZBHTARTOT t| [eEaeEomER] [ FEM@E BT amm)

BIRSEE A LD 72 121E, BERRESERIRNAKALOFEAM 72 PN T

WENEETH D, : :

@) BEHRLEIEBEOERAELSEOREE EELAEE ?iﬁﬂl FROEEET
BRI OLIENHR 205 7 4 8 =2 8| (g  —
=T VTERA O THAMRREICK LT, HE |g| e

DERZE LT TE I AR FETH D, = DERAGE [ L,
$70, BERRIRRICELE L 2fREH0M L3 %2 T h Ao

b EDEZIE, Vo a—T D E R e |
DORWHEINFFRGER CTh X LB 2 D, B-2 \ELEREE LEE 7 o —

Vi



B RXEE

€ ol WmELEmE LRy ‘<*¢aff> -] g 'ﬁaﬁ@i‘%ﬁtfﬁf ‘F‘Fé"f\ Y (HE) ‘
g S
Y 60 1.439 Fs>1.2 w 1.439 1.4 1.310 |0.699 X 60 1.479 Fs>1.2 1479 11,479 11.474 |1.192 |0.848

L |
.Iin- 50 1.766 1.766 |1.766 11,738 ML.??7 ‘n 7RN ‘ ‘ 5: 50 4—| _.‘_,-: ‘ o ‘ 1210 10.865 ‘ ‘

) FENSHT AIfE BT TEEAGR FENSE T 818

ﬁ A LY £ K=59.7% Fﬁ 2001. 12.1 T £ K=56.4%
2 " A \ WABT K=485% % 7 FRyvE kan W K=47.9%
% 0d | mu=TEsags e fw }o.m } } } % 2 MABEL  K=25% 1oy boss }o.aes } } }
= 2001.12. 1 - B I |
4 D1 LESVE k2% Y e BER{ERER (FEW H 2 8 N T o 3 R FEW
24 Wamt  k=38% |5 20016 4 N 2001.6
& 10 w S/ 2001.10 & 10 | & \/ 200110
11% 04— 3.358 2.818 |2.545 |2.268 |1.976 §1.471 0.882 I L"E:, 0 2.514 2.196 |2.010 [1.790 [1.544 W1.291 [0.948

0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 50 60 70 8 90 100
BEERIRA LIRS YL RIBKEREE Kex (%) Eiﬁizﬁi'F T L FBKERLEER Kex (%)

B-3  Hfin@ek TR T T RO LRARZ EMERTATRE F

5. J4VFLERIFICEITART - REEEORRKLSEROFALE (F6F)

I=

E‘U
5

B

REDOHTKZMfmLE LTS 7 4 VF AMIREEEED OO L OTHY, FERTFTIIML - WHE
WHETHD, wHEHE L THEMT2EHER, RBHE, FHEEEREL2E LD 02 mEER

B
FEHEL DRSS, PR SWEE BRAEMES & MR ATE e EOBMREZ BB LW THESNTEY, (—fh) Z A
T2 TAFE R I D Z L DOFH 2 LTI b DONRENEERL TS Y, £/, IHETIXICT i L
BENY T NEA L TIEEHEE U TRERDEEREL TWODH, MEMEBRIIIERTOPER A 7 UK
STWD, ZDOZENnD, UTNEA LBRMEMEREIR N ER CEIE, BUROE B IITERRICIT O
EEED, WEOETOAMIZL U CEBBEAY VLS T LVEOEE %2 B8 L 7o 5B 5h
HEH) ~ETED LB R D,

6. B¥CSGHLOWELREEE L FT1E) ¥

B CSG (Cemented Sand and Gravel) % A%, EAEREOEH LWF LR E L CEEEELZETH>oh
%o B CSG & AT 7 4 W HF N EITHMIZERI SV TV D, §&at, MR T, SEEBR EIZo0nT
B LWE 27 &SRR ER 0 AN FERE SN TWD T2, KBFZEDORRE Lz, CSG &Ik, & LR
[T MEHI LT — =W A XDOFRESCHEI E DR BT T MEHT, AV N, KEHRML,
G 2 AW CTIRLE T2 D TH D, D7, CSG MORIESS CSG D HA KT K ONREE )N L)
THN, INEFELEZ “OUEHR ICE SO THEEZEHET 5, CSG OMEEIIL, HREOMEE
& T THMNCAT 5 MG E¥E] B> TWD, HE%@%E%@JT@ﬁﬁﬁﬁ%ﬁ%ﬁf@t
e TIHNCAT O MesBAESE) 28 U CEBICE DN T —ZICESWTABAICERE L TS, £/, |
Epa Ul ﬁj&wo74»&A@%E%ﬁmmﬁmﬁbw%zﬁ%élbfwéoﬁk,mTﬁkw
BT O & FEMANEAT 5 Z L A HEE L TR0, TEdiREEkii L) #3EA L35 CSG LikICiIfe
KL B O 2R S EE R TENLETH DL & LTV D,

7. BIGREOEHEEZEEL-6ENESETEFIORE (F8E) Y

(1) EgHEE=SY2I®

FERIITEMBZ B LieT U2V A TG 2 RN UC, KB A4 O 2 Bhit ) 2 s CRE 95 o &
7T A (BERRLEE= &)/f%%%%bﬁ(@4ﬁwﬂ,K/XTAiﬁ@W@%ﬁ RORfHEEL (%
KRR DG FHEAE ERIRZ ) O RGO RIE S 2 HEET 5 (R-5 2H),

(2) HAFTLEX UEx’Sl A/\(D%)\%fﬁa

AR AT LS5 2 A (dbHEE, 2013 45, B CSG) D CSG Mk B Al T4k & L RS B
ICAKHENTEA LT, Z LT RIEGKBE=Z Y UV AT L0 LT85 LW B 24T - - f5 58,
rnE B BB ORI Z v AT LB ARNZ A~ TH) 40%1K38 T & 72,

vii



BLamXE

(STEP 1 #1189, B ) == ( STEP 2:PCEWR# | === [ sTeP 3. #7830 | == [ STEP 4:
A, IF O HEAT VIR (%)
TORINAAS B T LR S DEH
7 N\ i) k'S 3 * STEP 2~STEP 4
. .7 N LN F Y Yo : FRERR -+
NokaE N g
4 hY

100

~ KSEL i 555 R SER S [T _T--T--T--
S \M’&:;J)ﬂ:;&&ﬁﬁ% J % 2 a
x // b BN o
R 60 1 R 60
o {f m o?f
[mzto mm---‘------------
% " B Sk TR TS i ;ﬂ . E‘ﬁ*ﬁ*f?%?%;?*%
! € 4 1| 10— HE AR
0 I & 3 |- mghiET=sy. sun
0.01 01 1 10 100 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
FIfE (mm) 17 No.
B-5 CSG kORI EEIRL HhiHR OHEE 5 R B-6 B4 Ly o BRI OSBRSS

F72, KUATAEBA hva v 7 (AR 500mm) Z 5t BRICEITHNSEA LT-FER, AV AT AT
0y 7 MBI OEEMEMBSIIR CTE 5 Z LR TE - (-6 2fR), 7288, X Lv v 7 M ORI RER
DO 1EOFELETN 2t TH Y, FERICKH 8 Iff] (VML HBRE 24) ZE LR, KA T ATIER
BHER A~ SR AT~ AN E T 25028 2 R E Ch D, LV BERMEEHNAREL 725,

Q) MIREOEHZEZEEL-AEMLREEEFENOER

T4 NE LEFRTEOMNEE T, MRS S TIEEFENERME O Ch 5, A AT L&tk
SHEZSERARAT E L CEAL, ICT TIRER LM CGEAT2 2L T, i LAVEOLBOFEE - I1TK
NS CTEBBEEZE V2 5 T LWE 0L %

BELI-AHNRNEER NEBLTE 5 (B-T3R), Y7L LREESEREIM

CarEe=5"7 )
8. fadm (BREE=5UYY ) orimxz

T 4V DR TEICBT AT - WEEEOH T L REEEA L
RE=—RThD [TANF LY =a—T L THITHT EEE [ TzEE |
% TREFREAT ) 72 b ONS THE LAVE DS 2 8 L ?%Ié?,\% %.?;%Eg
T S EE B TE ) ISR U AR O AR I3 A ;:ifktt(‘é**@ :ﬁﬁg;’;lﬁl%ﬂ
THY, S%OT NV AT - SWEEERET O 1
FEALICET 5 Z LN TE D, | sovsnamerosst aee |

B-71 SEEHOEL, SEA A—
(&% 3Cik])
1) AR TPRET L F LOFRE - i LOEE, ARG CEF, Vol.e5, Nod, pp.394-413, 2009.10.
2) FRITRERI, MIRDh, MEEER, MAEZE, KERE BT AT 4 VX AOREMICE B LR T
R, TORFAE S, No.784,VI-66, pp.45-64, 2005.
3) X ALl TAFJEEE « & L LOSMEERGIbORE, ¥ A1L%, Vl.23, No.2, pp.121-163, 2013.
4) (M) ¥ a2 —: B CSG & Lgkil - fa L - SWEEBEANEEL, 2012.6.
5) FRIEER, BOAM, B, RIEE . T2 A TG E RV ZC S GHM OREEBEAR S AT N, ¥
AT, Vol23, No.d, pp.19-26, 2013.

viii



	000a 製本版-表紙）博士論文表紙
	00a 論文要旨（和文，英文）
	00b 目次
	00c 博士論文概要

