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Abstract: This article is the summary of the author’s works during his professional career at the Port and Harbour Research Institute,
Ministry of Transport and the Tottori University. His works are developed into the design of offshore structures such as deep water
terminal and floating structures, berthing and mooring ship, characteristics of fender, tranquility of harbour and wharf operation
efficiency, refuge ship in harbour, earthquake resistance of port and offshore structures, reliability design and so on.

Key Words: Berthing ship, Mooring ship, Tranquility of harbour, Wharf operation efficiency, Floating structures, Numerical

simulation, Reliability design

1. [FCHIC

HERIZZ ORFEHBD 10% N EETEDLNLD
“ORKOBE” T3, “RiesilE” EWbitE T,
NEIZHENSEENFTENTEXE L. KE, T
¥, BE, K@, w@pE, G, FERERWMLHR
EOHE LTANEHEIFICHEEDRDY 2L > TX
£ L7 NEPWEOZERSCS &R, A&,
TRNAXF—ERZREERAL LD LT 2174 %1
R EVWE T, ZoKBREELZ ) o—
2 T 2~10m, B X TlL 20~40m T9 723,
FIMBAE TIE 100~1,000m, ~ > H o HEHRT
1L 6,000m LA EDOKKFEIZZRY F9. WERRIC
R FEOWERE R VSN ET. b3
S, ML, AR Sle KRBl ERETR, BRY
LROKBEIZISUTRESNET. EH1T, L L
TR EY) & R E W 2R DR ISR
STEE L. KRB 1 — O LR,
Py — N — X O RIS EMRAT, R MO BT
ENTIE ORI &2 OIGH, MO R TR &
BRI EBEE, Mo KRFENEER, BERa
T 3 55 MR 5% OO BB R O PR, VR BA I B DR,
KK IRBII 7 A DR, finss = HBA O
SHEMERREE, W HiZOMEERT L, Rbo
AP IS EFBICIS A b DT, <O
Fa DWW E ZHEZE > T EORREE RS
HZENTELELDLRHEEL TWET.

2. JLMBEBHEOHRL

A OEHAF TIE, FE_0BRMEEbiic=a
YT Oz Nii & LT, 30,000DWT#k= > 7
FHREOEZRDEBESRTWE L., F—Y U F
BE T Y — 7 b— o B N OVSG, ERE oDk
M OFGKEE, I ORGHR 2 LE L
7o, B I R = R L X — 2RI LR
ERMOTFH2HMTHWONREEM T, bbb &
A 73 220 U 2 IR I ARBE Fia B & R fin oo fR IR A
LTWELER, 4 TIIHREMERICHRE I LT
FT. PO TFAMNBET LD, HEF20E/%
b IABMPHVENS LD IZR2D E LT
IATEHEICEDREM TT R, BRE TR LUK
fbEi, @R R AL —WINGEZFF2>H 0N
B S E Lz, HIE, & A — T —PEHOME M
ERIARICKETHELEDN, TRz I A
DSk R0 £ L=, =03 LBEMITEROY)
NI BN ST IR E D BRIE T3, 2 2320%
225 55% TIFE T IDIFIE—E T, MOBRMEIC
REREAT VU AEZHFLET. #KIZ, REZRE
BEYOBRBIIER SN Z Lickb, EFT4E
EBMEAWVWTLZLICY L. 1971444,
2EM O FEE O OB, A B O PRI E A ZE T
B L, WIEEMAEICER I E L.
2 RE RO C IR AL Sy FE AR SRR S T
T, 500,000DWT# > 71— HEREE ha sk O A& FHC
B2 EICEDL LIz L. KX



EHOTR IRORER LIRS ORI D DRI HE D - T

T — O LR ORIV T T AR &
S LE L. £ LT, Al H sz ol s,
RIS, RIRER, AT T7u— MR EORY
FOELLTEHINAZ LIZRDHDTY. A
D fE L R RB RO RN H T, S VT =—F5F
Hii K507 7 >~ F 7> K (E.Bratteland)Z#% & @
RWMIEE Y, FRE HIRKY: & OMICEERAS
WENFEITINHEFELDNZ FE L.

3. MMEFABEBIOREZOWE

RnEE B LT, Mo FE x ¥
— % — /OB L TWRINT 5 K5I ThivET.
AR OE = 2 VX —1%, g, HIE&,
Pe e B, (RABE B AR, W OFRER, FeakMEfREL,
N—=ZDERREE R EOERNOEKTE 2 b E
T, OB, FEMERER X OO — 2O IRGE T
1.0 £ ESND5DT, KAIDO 4 SDOER N LA T
TR, FCH, HEEEELHINERITEETT.
205 N F =gt L4, R — R
—ADMA RV 4 UBREET 2 EFN LS
NleZ &inn, BIHEIH & AR FEER 21T > TR

LEL7. 2 IIE T oRFICEET A Z &2
Y F L7 i ERAInE E0R EXE2RE

L, £, #REEEOWUEMICES S &EHEFE
FEaRLixitEEELLE L. Zhbix B0
M DE AT O EAE ] ITBRE L TWET.

Z oML, OBICHBK, [HEKL & & B,
a2 7 B AL O3 REMERR FHE D RENZIZ AT T
EHINELE. BoEREEZETLE LD
2, FHASEBIOUEZITV, Z ORIkt %
oM™ LT, FrbhltoyrIal—yg
Yo TR EZHEL, £ 1L-UL 1 {EfFEMER
FHEICB T A R ERHLE L. 20
FZEICBY L C, PIANC (EEMKHS) © WG
FEEALSEODTEELE.

4. RHEXRVEEAEEDOREICETHIHR

BEREM OB 2 R CTATEBH#ICHEEIC
EE, RETOMMOBEELBRLE L. 91O
TERMOEEYEELHO Y- vICLELR

300m 4 D E KM & B OMEH %25 TR
OB Z VTR AR IS n HEHEL, ¥R
DEIEI L RV 7 ¢ T L e BELE L.
TPV IE RN E 721X AN TS L 0 AR5 0 ik 2 3Gk L
A& ZRIARE L, WD ICIT 2 D H%EE

T2 La3nTnEd. HKERROR#ETH
LHENFKZE L. LL, kO RILDOIZD
FSRAS RIUE D12 oh, KIED K E WK

M3 DN D, HBLSCRE e 8T K o T
S TWARWKIESC,  #E OZ U WO KIS AR B it 5%
DERE S, PR OB EHEZ T D X
IRV ELE. ZoZ b, iMoo
REMR OB E B ET 2L ENTEFRINE L.
1975 5 1 F 1, #A F EKE T
(HRS:Wallingford) (ZfEAMIFFEE & L THE L %
L72. HRS Tl 3 —u v ROt OB IR & FEE,
o 1T KRB ERIC L > CHE > HB L#E
IR B FEA TR TLE. TRTH, S
WriEzB®BI 2 LIEHY £ Lz, mEEX, B
P Z2 Wk DR SR &1 oA il & B i 3% O 3 1 23
BH ERY, MEtA s N—0—BlcmzbhE L
7o R, fREMAIOBEMEITEZ R L, Rk
WCKITRAR~D#E A 2R, 7Y =7 hOEH
AREME AR U L7, BEZE LRt Tkl
FBRIZE > THIELMELE L. BEAERTIT
FEMAl OB A, RERRBEOFER R SICEREZ
WE L7, 6k, BHREBEWIITF = —FRESh
TWELER, b=y FTEY—AN
—AD R)VT7 4 AZHO BTV D R T ARG
MERWDLOTLE., 22T, 0K UJEME
P, JEEERRE, WIERERER L, IERIMIOREE T
IEBE SN TV b 2RISR D 5 B K 2 i BR
D7 ENFE LIz, RENZEOREERFHI IR CTha
DTCHOZETHEICRSINELE., BRASGOFH
B, o reF e SICBE L CGEmeEAE
E L. &R, A b 3% 23 [E F A
ZE L THEERESN, BRE EHE RO R
N ABICERSINDZ ECR T L. B
X % 400mx100mx30m O D IFEM 2 R 7 o
e ILBEM (ZxrF—) TRETHHLOT
T 10 FEORRFTHIR & 5 A O @RI & 1 C ek
L, BEXZ20FE2RBLELE. BRI1I0FEED
B AL TAHT, EHFICL > TUIZDEKIC
BT 2MENRATHOY B ChoTmZ L2
TEML, BMZH-ICLELE. BREROITA
BHMA 1%, BEAE D SEiE 2 1 2 5 20 4FLL o {3
MIZAD 9. RERICERT 5 sk OFERE R &
ESREITRES R0 A A%E=XY
U EATOD, HUNCHERFE BT 2 2 LN EE T,
ZDOFERXDOENZ, £ < OFEHEEY O I %
AREIC LE Lz, AU T 5 BT, S0tk
& (BRIR), 77 BEs A BE 8 L (B ), A
U (BB &= GRRE) oREhRy,
Tero7arcy MREBLELE. E5IC, A
7v—h, BEKE (FZEE ~CRBBLEL
7o MR, BABRIITAVIAERET SV



SR R F B %A%

WMeE7y R FNMCHOETIH/, /L y—0D
RNV T VAR RE I IVRET U RO 2 BN RER
HLITERFPTLEDY, 7AVIDOLEDITr—
TR, /T z2—DHDIE 7 LFT TS
FICE DB T L. RV 7 ¢ v & TABEM (7
= UH—) ICXDREIE, DREBEROHNE L
THEHSINE L.

5. BERNHEBEOHR

PEVE I XVERE X OREEI R T, Lo T, [
W7o fmfel, WiEoRk b EBEREED—D>TT.
VEVE OB BV I ARLR B A OB D < ik
DHGTHEESND SO T, H AR O PEE X
AZBEORIRICET B, Z OZFEH OIS OBE R
NELIED -T2 L0 d, PO LY
WNOBEIREZEZ@mD LGN msh TEELEL.
ZDOEAFKMEE T H 7=, 4 10,000GT %D
AR O i SEREFA A 23T AL, A FRIER 50em L
TORFREOBEMEINTEE L. Lk, #
BEORTIL, o6 NI &EFESCHEAN BT
FEBROEREZ I, RV Tl IS TWE
Lz, L ZAR, o REULIZHE R AR O
FEYEREICL 2 XENBEEL L CEE L.
NTIX, ¥—T XL DE BN, R, B A
T BN AW E R OBRRICKE ST
WE LD, bRETS &/, BEE, Ud
Bk & EICRPEHERNCH 72 ISR S - ks
BT, MAAEIFRIC X D 1R B FRYIWT o fur A B T A3
M2 L. ZofMEICHL T, JBichH
5 LT AR EE R OB FEMRATIE IR T L7z, %<
DY alb—a rETY, ERNEPTEFERICK
WCRE MO BZ A RIE L, REMOEIFEIC
HOS ENTHIREDORF HIEEMSL LE LI, £
7o, [FRFICHRE, MBUBNC PR W& BN &2 2R
LE L7z, [ARFICRE MO 2 ZE LUk
MOBRFEZRZLELE. 26 B0
O EORAE] ITKMRINTWET. Z O/
DRI O b R 72 b O IXBE I g O FEfE T3
2, REFOMATOZDEREOEEZILL & bRk
LRWZ &G, +oRFHREISONEEA.
HEOWE & FRREE o BAfR e & &2 o8 LR DEHE/ N o
MRAE R LUE LT, BMOEES E & NI
KT HZ DRI EEINEREA.

6. ERFEADKRE

HEHIEOS — DO EE R HEE MmO R 2
PR T3, AN £ 0 AR LR R
PICHERE L E9. LasL2enns, KM (Mha

BT 5 8 0F %8 W& B4 095

1,000GT LA E) (2xF L Clrd&a M RKEC X #Est
JBGBERD S 3 I AL, ARSI U BEYE L
AT IEZR D FHE AL BN 25 4, B IEOE N
M KOWEELT-O LT o BRLEZO
BEIM O E Lz, BIEIX AR B L
TIEWE 28, BEFD 40 ARSI T HE S 0E A M A3 -
THERTE RN L h, HIEBICHIT DNk
HAOBMMRRENE L. BREMInOSETEE
EZORFHZBW TS A TLE. —F, 4 0=
HECIL, BB VEEERG LS 0N B ITRRET 21T,
Bt 72 EORESI B R E W A=A ZE > 7 B
THREDHEENEONE LT,

TEEM O BB b EEFRE T L. Wl
BOY-RETIE, BEREXO-DDr— Y %
FD (Z7ue—7 47 Ky 7)) TRIELTCWE L
2, BRI E, BROBEREZRS T, &
YEH D — > T2 F F A SRR A B 1T R
ML ClEEEL CWE L. BROZNCHR 2
WIEETHELZHTHTHZENBITONERATL
7o RSB EBEI O OMFHKEZ 1T,
B 100mm £ & 200m DF A v —7F% 16
AV KL L THRETLHIVATLAEZREZELE L.
HENBEYH 2 JEME L 72 5%, HORUE 940hP, O KA
ERNEHBEZEBLE L. A ERERREIIEE
At & OBFEEE D ONTEINAKNTIEH Y FEALT
L=, AR—-BOBRALCS EFHEITE &EEN
£+ &, [FD ASait4 A4 2H 30m FER] L 72 23 & B #
Lizboo, a—7%8)kd 2% 2 & BHEn
Pl EErENLZELE L. HEE2 D> THEIT
Lz &ETiEdb v 30, —, FD N4 5
R EDFEN DL, EHEEKROMEICERRE
EEHLELT LR, B EREASRMDN,
HWERRKDOENET. HOE%RTMMNITTLE.

7. BEREPRUEFEEEVONEERE
JEEBW Y — "= A Dk NV 7 ¢ I HER
PERE L THEBRAAZITVWE L., Z oI/
MBI £+ AENEEICRAET D&
DT, FEHYIMICHYHORERI GO LD LHE
ZF L7z, YRR EEHET S IHOT
L7=DT, EEVINEE OREME 5gal 12 L CHELH
I E Lz, SRiEZE S 2 < HaRE Mo HizE
BV ELRE. AR, AL RERITHESR
ERNCEEBICEE EDNoTWnEEH bR, HIERT
FIIBE LN TWEEA. FRICKDEEOES
MRV T7 4 ifmELEEB LD EEZONE
L7z, FBEHEEHERLITVE L. BB xR
SHOM N EHT, 7R —b D77 L KLT



EHOTR IRORER LIRS ORI D D HFEICHE D - T

4 v EORIEOMICTA Y e —T 5280 T, ¥
THR—=RNTRVT 4 o &BIEY, 7 v 7 2B
ShLTCHHBIEE S EZ0 TR, MEDHY R

IBILT w7 ICBEN A>T LENE L. EH,
2T R— M ERET LD R ERICHIEL
TOTTN, W SIE Lz, BET —4 7
5, FEIEONAEEY O E A B & HEEHA O
TR0 FE LTz,

S R A R T X0 Ak oo PRV e e Y
KWK EZIT 22 LD, BRI iR O M B R
AN & AV E BRI IR N — A PV EE i ST &
F L. £/, NEEORG O HAM EoXHE] 2Ntk
E SN, WHEDOMEMIXZEMED R LT HEE
HHLEHRTLIZ L LS, IBEERAEZZTE%D
BEYOERZHHT & nE Lz, LE
G, B, E, EHOBEEREICENLENR
13— A S BE AN Bl STV E T8, Bk e
ICEES W TIER BT & 2 o BEE H5M: % 5K 0 Jifi 7%
DOIEMEZHELE L. Zhbix, R¥ERAED
BAY, WK, O, IHROKERBMELTRCE LT
B FEEHFE L ERMETHEICLDHEEL
7oA F RS IRERIC B L CAR B KDY, FoEE L
BUAG TR L T8RS, Z 2l L0
MEE L THRFILERZID S0 FE L.

8. BbVYIC
HRERO T L & 16 T LR, 2O, 1,000
ANLEDZEITHE S Z LR HRE L. +_TO

FARENCORDEAASITREL, HikEE L
TIEBESIN TV Z e aE LS BVnET. ELR
BRICIZTAD T A BEEINELEDR, 20955
5 ZANFENERGSNE L. YUIEEEEEEY
FEBRH OB AZ XY £ LN EbT, EBRICIT
PRVE BRI 7R AT 0 BB O i % 2 R ST 2
TELEL. ZOR, Mo e XY, LAY
LN DZL D a2 L LR MOWEERE Lz

BEDVB TR E 2 &0 T EABME E L.

RS L 7.
EOMFIERERS & RFICIEFE L L2, aid i
KAIBFIE g 38l STV D Z &, BIGOER
EORT—ZDANFERESTHH L, FEHFEMY
FHOMIEEDENIEN LR8N, FBEITE
RRMENLDOAM EMRE ST T ANDK
il & R EANARER Z LB THD LS 2
F9. WHOR S EANLELR L, FREE

R & DM ERMAEESND ZENEENET.

S5 XH

(1] W & KX —0ERENICHET L0
ge, WL HANPTE T, B 20 B, 2 5,
pp-169-209, 1981.

(2] Em %, /NEEEESC @ i RIRF O LR R O IR
AR & R AT B O R FFFNEIC ST
W TR0 SUAE, 5 31 %, pp.456-460, 1981.

[3] Ueda S. and Shiraishi S.: Observation and
Analysis of Earthquake Response of a Coupled
Pile Offshore Platform, 14" OTC 4208,
pp-511-531, 1982.

(4] EH % ARF O BT FIE L £ OIS
MBI 258, WIBEAEE $F, No.504, 372p,
1984.

(6] A4 &, LW % EEHEEY R OV
&) O 2 A A B9 D MR — 1B fr B
DEBNREL & fif EARE D FE—, WS H v
ZEATHAS, 26 &, 5 2 5, pp.493-576. 1987.

[6] UEDA S.: Motions of Moored Ships and Their
Effect on Wharf Operation Efficiency, Report of
the PHRI, Vol.26, No.5, pp.319-373, 1987.

[7] EH %, KHR B WBOREMKICE
JHBE TOFKEICOWT, EEHME
£k, No.596, 127p., 1987.

[8] UEDA S. and Shiraishi S.: The Allowable Ship
Motions for Cargo Handling at Wharves, Report
of the PHRI, Vol.27, No.4, pp.3-61, 1988.

(9] Em 7%, Ba & AUWEH, ko %,
mlE SF, ILIMERE RS IR ISR T 2R
M LT = Z—ORE, 5 14 RREE TS
VIR Y T L, pp359-364, 1998.

[10] Ueda S., Hirano T., Shiraiashi S., Yamamoto S.
and Yamase S: Statistical Design Method of
Fender for Berthing Ship. Proc. of the 12"
ISOPE, Vol.3, pp.545-551, 2002.

(11] kW 0%, MEEZ, &2 3 EEEEH
(2 & D i e B AEAE o P Re R FH IS B 3
L HE9E, R LEm s, 5 51 %5, pp847-850,
2004.

[12] Yamase S., Ueda S. : Reliability Design Method
of Fender Systems for Very Large Container
Vessels, 17" ISOPE, Vol.4, pp.3699-3705, 2007.

(131 AF #, &E I, kW % B4 &
HEEL MR — TV L R O AR
(2 & D TR O BR B R R & ORI E
fENT, HEE TR SCEE, Vol.5S3A, pp578-588,
2007.

(ZH PRk 21 410 A 30 H)



ERBEBFROEEMBOEL

AEF 5 - REFE—
FSBUR SR TR TR « ISR A 7 1 7 Hellr o 4y —

Bathymetric Changes along Tottori Sand Dune Coast

Akira KIMURA and Kenichi OHNO™'
Department of Management of Social Systems and Civil Engineering
Tottori University, Tottori, 680-8552, Japan
E-mail: kimura@sse.tottori-u.ac.jp
*! Information Media Center, Tottori University

Abstract: The present study deals with a short-term change of an offshore bar topology along Tottori coast during 5 years
(2004-2009). This coast has a multiple offshore bar system. An inner bar lies around 100m offshore and an outer bar lies between
250m and 500m offshore. The outer bars have crescentic feature with an offshore convexity. Wave lengths of the outer bar are
500m ~ 1000m and shows small yearly change. The shore line has a cusping feature. Their wave lengths are 300m ~ 450m. Inner
bars also show crescentic feature in winter. The wave length ratio of cusp and inner bar to outer bar is roughly 1: 1:2. In early
winter, amplitude of the outer bar reduces and in the late winter, it grows again. The difference reaches to 100m. This change

seems corresponding to the integrated incident wave energy.

Key Words: Beach topography, Cusp, Bathymetry, Offshore bar system, Crescentic bar, Rip current, Rip channel
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P IR O EITIZIE—E L 20, FEBAA A
WHIEER O b ELEZXLND. BE-13 1212 D%
WRHLND.

F=-1 edge 1% D JH H(s)
n=2

n=20 n=1 n=3

L, 186.7 107.8 83.5 70.6
L, 156.1 90.1 69.8 59.0




= = 3
0.04 :
1 %
0.03 — <K ——__j’/\
X ‘=:E€%>———— 2.\\5\\~_Jﬂjtnn 3 :3?22::: Jr—
— —x<3=t=" =
__7 <1> 1 2
0.02 -— 25~ j£;§§3§§3§§>}\\r<\:> =1
=ik — % —i
— = [P S 1 ———
< <=1c=,=
001 9—=2=3"" o = ————
e e
P I\ - - =

0.04 —

2007/11/30 2008/01/09 2008/02/18
dat
(a) 2007-2008
Unit:m
<1=

0.01 —

<
<
am—iii;;j;;££:32>
1

S Ty =
2

2008/12/11

2009/01/20 2009/03/01

dat

(b) 2008-2009
X-17 FFe A7 N LS, (k) DAL

L7c > TERE-12 OFHIE, 2o ORI
W2 DALE CTRIRIPNS K 2o TN D T & n3EiE S
nNo. BE-12 OO ARRIIAH120sTH D,
& HIT50s FEEME L TWA. ZhANEFRB oKD
AR KD KM DIR FIC LA b D EEZEX D & F
— A — L LCIER-1 Dedge N H[FETHDH. 7277
L#E LD E—Fidn = 128afetk s LCiERE VT
BOFTH FIF IO 7 — U o fighr & ¢TI 7.
T — A ORI E 233005 & BV 728, 100530 00 JE 1
BRI OV TR EE L5 TRV DS, il il DA
Rt E N BE-N@THND X, TH»
5 40~50mfHE I TR AT 2 W INFAET 5.

— Fn=1? edge % CTldx/L = 0.1 ~0.2(FUT T D
PRS- THROEEIRAMEL 725 ASHE & edge
WONARN T 7V v 7 F 5 & KRNL DK TR
ZONLEIE S Lo T2 I LT < b2,
ZDIFIZEINT O bar RN TND LD EHEET
L. ZONLENDHEE SNDWEL, L, b, B-15 O
HO LIRIERIGT 5.

1. BREARY FLDOZEE

T DT AR R L DRI OV TR R AT
5. B-16 3R], B A TR S e DB OV TR
DWW AT RV THDH. OO ORI E

21



22

b R REE— . BHR TR O EMIE Ok

A OMENAKE @I DT EE NS 2D
FethZRmd. 2 A0S 1 BT CR-15 D L )T
A ORSr OIRMES K E <720 F 723 HE KT
MNTTCE-16 OXOREREbHE O d. E
-17(a)id 2007 4£~2008 4, (b)iE 2008 £E~2009 4ED
IR OB AT b LS, (k) DRI AL %R
L7zb DT, WIFOEMMRKTHL. ML Vbrd
£z, BERE— 7 IIfFEDOHRITEN ST
<, AR, HiMTA Lokt s Zhkn, b

AFIIFET LR DMEE b O LM EESND.

12. BHYIC

ZOWRITBAE LMK TH Y, FEH ORI
A% 22 4 3 A CIRIT 528, KK, KEFILIZHFTE & ik
e DN CTh 5. R3S R CIRE IS
Bk DWF7E R EEZTEY, O TONRE
i UC, Bz /et 7 L ORRBICEERT EN
TEERETLLELI LTV S.

G

GPS Bl /1 LTl (48 o4
FRICEGHICEZR L ET,

2% 3R

[1] Wiegel, R. L. (1947) : 7= & Z{¥ Lippmann 5
(1989), J. Geophy. Res. S0l.94, No. Cl, pp.
995-1011.

[2] Lippmann, T. C. and R. A. Holman (1989) :
Quantification of sand bar morphology : A video
technique based on wave dissipation, J. Geophy. Res.
$01.94, No. C1, pp. 995-1011.

[3] Stockdon, H. ¢. and R. A. Holman (2000) :
Estimation of wave phase speed and nearshore
bathymetry from video imagery, J. Geophy. Res.
S 0l.105, No. C9, pp. 22,015-22,033.

[4] $hAKE B 5 (2002): ARGUS B F A RHTIC X 5
I R R OO R OB BL, e R SR,
Sol. 49, pp.571-575.

[5] &AM 8 - ZEILENE (2004) : (MR
53— DRMETZOWT, M TSk,
Sol. 51, pp.521-525.

[6] gniAm B - INEEREEZ - A EERE - TH R
(2005): EF A if4 2 W 72 (E SRS B T 50
R OB AR B, iR R SR, S ol. 52,
pp. 601-605.

[7] BHEME (1979): Wi 0, A HAR, 357p.

[8] CALSAT32(F > 7 A ) :
http://www.geocities.co.jp/Technopolis-Mars/8632/

[9] TOATHESR(1984) : Swash zone % & To Ry 0 J5E it
EERD BP9 D 0P8, 55 31 B T 2R el = im
XHE, pp.316-320.

[10] fex RERHE : 7= & 2 13888 T2 OKR] 1=
BE(E) (2004) @ 55 1 W, #% 6 &, pp.104-123.
[11] HBFepifE (1973) : VTR O% 4Bl — Hhli{b

ST PEEE, 5 20 [V, pp.339-343.

[12] Bowen, A. J. (1969) : The generation of longshore
currents on a plane beach, J. Marine Res. Sol. 27,
No.2, pp.206-215.

[13] T 77 A(ATA):
http://www.mlit.go.jp/kowan/nowphas/index.html/

[14] Eckart, C. (1951) : Surface waves in water of
variable depth, Wave Rep. 100, S10 Ref. 51-12, 99p.

Univ. of Calif. Scripps Inst., Oceanogr.

[15] Bowen, A. J. and D. L. Inman (1971) : Edge waves
and crescentic bars, J. Geophys. Res., S 0l.76, No.36,
pp-8862-8671.

(2P SERE 214 11 2 1)



FHICXMENF-FRBBRARY LA SREREE T 2554

hH

f -

B IOR AR F B TSR - AEWICH TR

Methods for Calculating Heat of Adsorption from Temperature-Programmed Desorption Spectrum
under Equilibrium Control

Naonobu KATADA and Miki NIWA
Department of Chemistry and Biotechnology, Graduate School of Engineering
Tottori University, Tottori, 680-8552 Japan
E-mail: katada@chem.tottori-u.ac.jp

Abstract: Methods for calculation of heat of adsorption from a TPD (temperature-programmed desorption) spectrum are reviewed.
Ammonia TPD is well analyzed by these methods to clarify the acidic properties of various solid catalysts.

Key Words: Ammonia TPD, Adsorption heat, Solid acid catalyst

1. EBRBEEEIED-HOF7VE=T TPD %

P 1T & UCfhin - Bl - WS - iR - &
Wi Lo FIERMGEMRET 5. BREICIT
REECH LT VI =T A7 8, RIS 728 »
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ROBRIISBIT AR D D 3BT D 2 & AR
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i T A I A X2 TV D EERD.

RIR O OMEE (H OECBE TR E 78 &) 1345 3K
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V. 2O Z EIEE LW ERER AR OBR I T L —
FTEMNTTWD. BlziE, USY (BZE/ Y)EA
TA NMIAEWMFOT I oA S LT 40 4R
LEAWLNTWDIZHEDL LT, Z Ofililiol
PEE DRSS B R O R B b 52 22T o T
WU, DT, I 2 OIS IR A R
SON, HEIZHL N TRY. ITE, L RER
IRACIKFE 7 1 % 3R T DT LW ko 5
TWDHD, EROMBEIZEET 2FEWMAE SRV D

T, <L OFENMTORLTWAICH b 63, Usy
0 @EVEREZ R o R S TR, [
RERPEE ORI EE 2SI T 5 2 21%, &F - =%
X —EOBRDOT-DImBO CTEETHD.

[ 1R 2 1 DAL BOREBE D FRAT D 7= 60, FIRBLEE
(temperature—-programmed desorption, TPD) &)
IS WS TWS, ZoFETIE, FTu—7¢
725 KRGy F AARIR TS S8, RIEMESIAR e v
U7 7 A) i CREAEEB ZAE L, il 7z e
— T FORERrE=X L, BEOREICHTD
FBEZHE <. —fBl&2K 1ZRT. Zivg TPD A
7 RV EREDR, B — 27 O k& S, (L@, Bk
MOWAEROE, REOWES, ZTONMREEE
BIICHETE L. WEESWERZOLOEH
ET DA OFEITHS, R EE THEOVBE
TEBTEXHIONBMTHS.

EFXLFIERBROMEDIODOT VE=T
TPD AL TCE . T orEe=TI13EEEOR
EBTHLOTHRAIIWAET S, 7T E=T TPD{E
TIEHBEiY—7 oKX, 32bbLBREEL 7= G
HELI) T VE=T O ENOEROK (&
ERETED. 2RI, BFEOT >E=7 TPD
DM TITREFI AL L, [T vE=
TOHEENHHIEX TWDHDOT, =27 DK
X, NE, BErLPEEICET L RT A =% (T v
EoTWEBR ) ERDDZENTED. T UE

=T B WAET OWAERITRNRETH DD,
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FHEAR - PP SISO ST FHEIBE A R 7 S B BVE ELIN TS 51

TR TRAERIRAREDORETHD. Fk
EHITHER EREFEONRNTA—ZTHAEND,
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fir Bl D> TPD M@ER 2% L C— A fE 2 5139 T
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DT, KETIERANLZNCTERT D.

2. EmX0EH
EFELT, BEOTE=T TPDAIETIE, £

< O [E Bt gL ¢ (1) 23S L, FFAE 25 3
MIZEETWD Z xR L7z[2,3].

(NH) 2 NH, (g) + () (1)

72720, NH)IEWELEZT vE=T %221,
( DX EOWESERT.
(DR OEwEKRKIZTOZTDO L HITEITA.

© =0 CRT
o P

(2)

72720, 0,Ce R, T, PP IZZ N MR (B D
IBLTUE=TRWAE LTELODOES), KT
E=T R (mol m®), KAKEE(8.314 JK ' mol ™),
W (K), BEAERREOES (1.013X10°Pa) TH 5.
Z OB EBITEAIIFH R T A —2 & ) XD L
ICHESTLEND.

AH® AS°

K=e¢ kT e R (3)

7272 L, AR, ASC IFENEN ()X (T rE=T
OB ICE I Y > Z L — (] mol B LD
b =2 K mol ) ThDH. AH I
EEL LIRS,

2), Q)L @WANEIND.

o AH° AS°
L S
¢ 1-6RT

(4)

W REFEMT =T REORERTMEEZ T
LTW5. T72b5H TPD 227 MLVOEFEM T
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—F, T UE=T OWEEEE I XHE R O 3
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na.
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FC, ==paW - (5)
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DEBZOTDITRT L, BLEICISBHEIESRD 4,
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4), G)Xs1X6) DEBENIELND.
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WAHEHICR XD, TPD A7 kL B E 1%
BRDOBRIRE 2 B IR SRV, EBREM4D
HIp D AR NV BLEERE &2 e#g LT b BN
W ARICERSG 2Rz TiTo7=E LT, (10)
L L hiE, EEROFKETHD 4012k > T T, 28
LEHEEND WD ENIFEEREL T, I ET D
EHTRT). Thbh, RMOREOREEE % 7y
W4 22 L ARagICRZD.

LU s, (10) & FEICT L, 7L Wig
WaRT, BEETyE=TOMOKIEDOMEE %
IRTIINT A= AH,AS % RDODDHZENTED.
S ARRSL LTV D Z &0, BT TR ETA
DThH5H.

(10) 00 1y BU=0,) (AH = RT, ) = 353 52 - 1 <

=
PCe R

BoNBERT A=Y TIIHD E-20 FRETIZ

F—T Db, COBEETEHERLT L,

7 — i 3 T, oK 2 B
" F

(1) XD T, R, PPILEE, W, F, pIE3is
T, Ty, Ao, O, 1ETFERIC L > THELNDLEHHETH
L. 0 ORMOES AH, AS° X, BB LET
FE=T OROKIEOWEEZRTNTA—HThb.
RKHOEHIZTZND 2 OBV DOT, 1 DO
BHZX L TR D W/F THIEIOREZITV,

InT —lnAOW ZUT, LT ey L, Bbh
m F

FHEBOMEE LU NP5 IND 200D /F A —4
AH®, AS® %KD Z LN TE D, ZOHIEILEE
WCEHE D IS T T = T WSO S R8T
A—HRERDDHHFIET, REIOEREEST HDT
LB EMEA TN,
ZRiEo7ay NoflEK 218, 2o e
v MO E N AH/R72 D T, HEIZR % F U TAR
B A. X, ZToFuy oy FN®N
B=6,) (AH°=RT,) v 2 > c, /35 2 — 4 %
<
PPe R
EEARALTAS E2ED.AH & LTI 90~160kJ
mol "EEEMNE LN D Z EMNE . FALITAHC > 200
kJ mol™ DIEFIZEVMENBIEZ I D [4].

In




26

FrEEAR - PR g IS

7 WO; (5.8 nm™) / ZrOs]

0 -

0.0012 0.0014 0.0016 0.0018  0.002
(U/T,) /K

X 2 %EEOCEOOTay NOFl. ZoFa -y

Fy5 1%, SO.4/Zr0,TiE200 kI mol!, WO4/ZrO,

TIZ130 kJ mol ' DAHCME BT~

4. —Rikl2]

L2 RETEL DL TA P BLOBEABRILY
il > AH®, AS* ZRE LT & 2 A, ASCITHIE L
T EDOBEEBERIZONTHIFE-ETHDLZ b
Mol A PORKDOREGICE LT brE—
%M%%L%<&,7y%:7%%®beme
—I X EDOEEEE ETHE 95 J K mol! TET
H 5. Trouton DIEHNCE D L, £ < DIFIKDIK
Frr hurbE—E 90 J K mol ™! F2ET—E T,
THIFAERIC LTSS ED B B EICH

Y5l HMESNTREE- feE—IXZ OfE
CIEWEEZTHL LW, EBITIE, TUrE=TO
AETL P —97T JK ' mol "IZIFEAE—F L

TW5., ZoZLlE, HxoE{EEETOT v E
ST OHBHENREBETHLZ L, BBECX > TIE
%@EEF%T%?% LEZRLTEL, AED

ZUMEEZRHELTRBY, £722< OREIKELE
D ASEEFFOZ L ZRBLTND.

FITAS B —EERETHE, (10)RicEBT
HBRENDINT A—Z X AH 20T 75, Lo
T1EOMENS (10) XEHNWT AR Z#H HT 5
TENHFRETHDH. ZOAH ZFN, BB LT
FE=oT OREAEOERNRRE, ThbbEEEE %R
TTUVE=TRERTHD.

72720, AHC UAND/NNT XA =2 BN Thhoiz
ELThH, (10)R%&2 AR 1T+ 2 Hfg e LT
SOIZREETHSH. 2T, AH ZRITHMRTE
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T, WolrABBELET v E=T7T OFWE DR X
T, FREICL->TEY—=NHERICY7 FL
e ERLTWS., Z0Ov7 MIEHTE DK
XXTERLS, ZOFRMHTIEH 4,27 0.1 205 1 mol
ke ' ETHINT D & 100 KIFET 7 RLTWS.
ZDY7 FOREIZN 3B WT AH A 20 kJ
mol "B LA L RETHD. 4, DEELE EEE
P, HICE— Z BT 0 b ERTRE & 3E4h L 725
A, TNODOMEEBIBEOENEZIRFLTLE
HYZ LT B,

EEEOWETT =7 TPD BRHV SN LA,
B2 EHLHEOEAT A PO EE MR- F
F Al EZLEWVWIESCLEVEO LD L2
X, MBBRENETEINE ) DEEmRTHE 7%
ZEMZW. JFAIE LT AT AIRFEERLTT
HDOEND, 4 bELWHT S, D0k hE X,
A WX D=V HEDOY T N EBBREDEL L
RIFIT 2 E, BRICHE-TEwmEsHBHTLES 2
LB,

FhT % 5 B SR HOE R4 0%
T T T T T T T T T
0.015F Ap=1mol kg™ ]
g 001 .
E _
g
U
0.005}- .
0‘- | s | s | s
400 500 600 700 800
T/K
B4 ARPZE—EL L, AFFERB T LT L &

D(5), (6)=UZ &L 5 C,0FHFAE. AH° =140 kJ mol™ & i
TEL, IR L4 IRE Lz, thoRMIEK 3
LRI E LT

6. h—T24vFa125kl6]

SC, YIalb—rvalrilhoTHEonZK 3
R AD A7 M OKIZ, K 10 & 9 2l
R4 T4 b ETEMEND X7 Mz k<
LT 5.

ZTIT, PATEERR T 4o & AR ZELEHE TR
N MVEHIS . AT FAAREREE 7 4 > b
THEE, REL 4y & AH® BEEROER S L ik
WE (7T =T WER) ERTIETTHD. IO
K2l LT A& AH ZRODFEEI—T 7 4
T4 TIEEEALTNS.

ZREBIOP-RETHEONIBRE XY —
JRELEND 1 OOERNOH/OLNDIRRMETH
5. BEROEBEEEIZII DN 5 50 b FiLiew.
=TT 4T 4 TETIE, BUTFIZRs X9
WCE—7 O EZFA L CBBED Szt RD D Z
EMTED.

B 1A 7 MVFEREEZK 50 K# e LT
M5, ©—27HE»D 40 = 1.25 mol kg' T
HbHZ LiFbhroTn3. (5), B)HIZZD 4,
BIXOHESHEEZRALTANY hLrEY I 2 b
— ML, FEIEE 7 4w b T HAXT bV EH X
% AHC BYEZRT 5. AH® = 148 k] mol ' o & %[
SOMBMNE LN, BEHEENIZIEE LWL, 202
L, MIE S AHC OEED 148 k] mol ' iZ
TN EERLTND., EBIZZORART g
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LrL, M 50FEAED Y — 7 BIXFHEME LY
DUIRW., HHETIZIAR 2 —OfEEREE LT
WAHD, BLEIZIZAH IZETORAENHHT2H &
EzobNnND., 22T, Y UERD AR EROBEK
DO N ZIEL, ZNohb DNty — 2
DOEFHERMS Z LT 5. =1L, BHKor—7

BT D8, A0 — 7 RE~OEEELOSOXTD
OB ETHLERDD.

002 T T T T T T T T T T T
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. | s | s | s | s | s
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T/K

® 5 X 1OTPDAY MUVEAMECKIE) &, 4, =
1.25 mol kg'!, AH® = 148 kJ mol' & i/ L7z I = L
— 3 (IHR).

9, WELZEELRNVWEEORDINETRT.
M 50y alb—var G 2R 60A L LT
HHET 5. A TIEETORAD 148 k] mol ™' O AHP
EROLRELEN, REXZEZ, BROSH 1/2
28148 kJ mol™' @ AHP, 1/4 75 10 kJ mol &> AH®,
/423 10kJmol " EWAH A HH> L +5. 0% 0,
B i O EHMEIL R U CTH D 25, BRIRE (2540
D ERETD. FZT,4y=0.3125mol kg™!, AH®
= 138 kJ mol™" (B), 4, = 0.625 mol kg!, AH® =
148 k] mol™ (C), Ap=0.3125 mol kg!, AH® = 158
k] mol™ D) D 3 DD ALY NS EEH L,
6IZRT. HEHITREZ L, C DAY ML
IZALRIUBBEZESICL2 b LT, BEN
INEVWD TRREBICE— 2 2H > L TH B
(K 42 R L7228, AP 1T —ETH-oThH 4
D/ ZWVIFE EE— 7 IBEIFIKVY). B~D @ 3 B4y
EEFILIEE T, A XV E—7 OENIAL, B
MEIC DM ER-YZ ERKBmENTWS., £

NWIFHEELZEBY R, A & TERIEM D 2
WCHERIER > TRY, P—JTELAEEL EDOHFN
A KA. ERIREE O SEHEILE CIE TR0 T,
ZHUEE B TR,

0.02F _
E.
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= e
g oo01F i
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ZP A
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6 Ay=125mol kg, AH° =148 kJ mol" (A), A,=
0.3125 mol kg, AH® = 138 kI mol™ (B), 4= 0.625 mol
kg, AH® = 148 kJ mol ™ (C), 4o =0.3125 mol kg', AH® =
158 kI mol' DY&ZRE L7V 2 2L —arBLU,
B, C, DOEF(E). ASD H BLIRAT Y bu B —3X
1D SZRME DO ZFERLRL 2 DR D 7= oS 3
EFRICTH 5.

ZOXH7Z REZLHOE, (10) XN RT L
I AH W—TED L X Ay D/ hEWigEey—72i|
ENEL 5720 THD. BAOREZSE LT
TNZENIZDOWTNER A EIRNET D E, =7
IR D Z 2 c b, FEAOREE A M)
T, AgB/NEL THIFEE—7 KRB E)
T5. LER-T, RAUBBERELA I =21 —F
THIDITIFEE VAR ZRET H 2 & MM
STLEY. E—7 OEINEVIE EBRTRE 2350 <
BHEnsZ iy, GEOTRVL.

Fe, TNEERLIRBETHAT L L, HlxX
B DAY MVEEFET 5 ERICIXIE URE O S
MOWBEEL 77 vV E=T OHFRELNEEINT,
FRNICHFET L CRDEZRTHMANLDT VE=
T OHRENEHINLTWHWINLTHD., 20X
INCHEI DFE OS> OFWAE % BRI T,
B AE DR BN /NN S 4, B — 7 IXRIR IS H
MNiLd.
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WL T 5. Ag B 2TV AH® O 870 5 2K
ELT@@@E%?%%%,_M% (2% DOBRH.D
FHELERCCAXY MLEEKRT . Z 223
F7=BI T, B, C, DOV IZENEI 4,=1.25
mol kg™!, AH® =138 kJ mol™ (F), A4, = 1.25 mol
kg™, AH® =148 kJ mol™! (G), A4y =1.25 mol kg,
AH® = 158 kJ mol™ (H)®D 3 DD A7 K LEAy
EERHL, F/4 +G/2 + H/4 #2KD AT hv
ELTHD. ZnHoMBER TIrRd. 2ok
INCLTHELNTEARY MV LIE, E—7 ORE
MEIFALFLT, =27 DOEBIEN. 2Dk
W2 LT, BRE & OPEHIFETEE AN F U CRE TR 2 0 A
NHDHIEERBTED.
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0.02F L=1+J+K

= H/4

_ "’ N 1 N \
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T/K

X 7 Ao=125mol kg', AH° =148 kI mol™ (A), 4,=
1.25 mol kg, AH® = 138 kJ mol™' (F), 4o =1.25 mol kg™',

AH° = 148 kJ mol™ (G, AL R L), 4y =125 mol kg™,
AH° = 158 kJ mol! (H)ZREL/-vIal—v a3y
BXW, FA4 D), G2 J), H4 (K), 1, ], KDEFHL). it

DRNTA=FFH 6LFLCTHD.

DX, BBEOSMERET H. MITHFHRN
ﬁwmf,::fiam#ﬁvx%ﬁ L7285
DA EFEOEIRNET D (7272 L Z OREICIEY
@mﬁ%iﬁwyﬁék,ﬁmﬁméﬁﬁiAm
®¥ﬁ@&@@ﬁ%@20T%é.it,@Eﬁ
ﬁ%%o&ﬁ®%ﬁ%f%ﬁﬁﬁééﬂ”#
W#§<ﬁé®f AH® D53 % 7 fHIkIC
72D AH® % F5O T O ﬁ%%l@io ﬁ
ETDH. ZNHDOENSOBEEARY L EH
TERUFHEHTAHT D FZMEE LS 740 v b T
HARY MNEYGZD Ay AH YW, o BHIE LT
AE O &, VHBBE, BsESMEZTnEN
N

ZOJET, 1 BOWENSEE, BEE, %
DHAiERDDLZENTED., M 1DAT [ L
(CHH L7262 K 8IZ s, [EREE iR o B3 7
*ﬁf%éfﬁ?%%?@,%<@ﬁﬂ?7y%
=T WRMEBICH K] mol 'O/ HERETDHEZD
K2R BWT o T oI RELND.

# 1 AH OV AH g CHEERZE D 6D I T A
A EAE LT & & O, TREOE RO R(REEEIC
x4 D EIES) & IR (AH®
f AH°
0.0059 | AH°,,, -30
0.060 | AH°,, 20
024 | AH°, -
038 | AH’,,,
024 | AH°y,to
0.060 | AH,, 20
0.0059 | AH°,,, +30
0015 T T T T T T T T T T T
. 001
s |
3
£
% I
~ 0.005]
0- il L 1 " 1 " 1 " 1 I 1 "
400 500 600 700 800 900
T/K
8 1OT =T TPD A L FERIECK

e, W—T 74T 4 TIEICE A REY I 2 L

— 3 3 V(MR D LEEL. 4g = 1.25 mol kg, AHP,,, = 148
kI mol”!, o=8kImol' L {RE Lz, ZFDfMD/NT A

— &I 3EFEC.
7. YLN—I2&BHh—T 249 T4205%[7]

H—=T T 4T 4 TIETIIMREE DA%
HAHIRBRERDDZEBTE BN, ERINTZAR
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VIRTERRTH B L X, T b BRI AR A
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< O EREE D, 9 (Observed) ® X 9 IZH& AW
TPD A7 hv&ERL, ZHITEY, &5 WEE
MEZRTRTRE DA AL TS, ZDO X REE
WZIE, BRIRE AR ORE D HIEIC T RBMLETH
5.
TITH—T 74T 4 7EERESE, 90
~250 kJ mol ' E T 5 kJ mol ' H|HD AH® & FFo
3BFOM M ZEL, b 33 MOmEZ 21k
EHTTPD A7 hv&EYIab—hL, FAX
NIZART hve =835 K912 33 MOBED
MAGbEERAFEEERZ L. 277 LEEN
ZTETCHHENKRE L, REMICHEEREAS
OEEREZ T FEXTCIIRETHS. 22T
Microsoft Excel ® Y L N—HEEZ H WD FFiE%x
B L 7.

[3a)

'€ 0.00002——— —————————

m

0.00001

400 500 600 700
emperature / K

Concentration of ammonia in gas phase / mol

—

B 9 SOZ/ZrO, DT V> AT v REOT v E=7
TPD AT R VCKEEHRR) &, RGE L7 B FEORE SN D
DARY MVERGT DY R 2 b—3 3 Y (FISER), T
ARHCRER)DOLE. p=0.17K s, W=28.6x10°kg, 4,
= 0.074 mol kg, F = 6.8x10° m’ s, AS® = 95 J K
mol! + IREDZ b —L{EL, 10127~ 9
DA EFFOANAPEAE U=, A GIFERR) IX K 71,
LKER UFERCHRI L

X 9 (Observed) ® A7 kL%t L T %
1To72E 25, M 100X 57 AH® O RN IRE
SNtz B 10IZXENEND AH® % FiOBR s D
FESEEDN, AH 12 X 5o TcRIn
TV, ZONHEICHESWNTIPD A7 % v
Salb—hLEEZA, 9 (Simulated) ® X 9
IRART MAREL, FERME S IZIE—K L.
LMo TCZOREO AR XK 100 X 5 72554

ZFiH, AH°=130 k] mol 'FEIE DEE SN A,
IHNEVEOERRBIFEL, AH 1X 200 kJ mol !
BEF CHEMIZOMLTVWDIESZD. 20K
LT, MELBMBEOSAEFEMIKD D Z
EMTED.

ZOHEIZE>THBND TPD AT MLD Y
Sal—yaEESITELNTHLN (K 9),
B 0 3 AT 1 E AHP 12 L C 5 kJ mol ' Z Zx D HL i
X 10) & LCHELND. BRE DOy E A T
LREBIC A BT TIEAY, Microsoft Excel DEE
AIREA B D II A O Z Z L R
TR EET, EHOY T b= T OBEN N
EThHb.

0.0 —4——————————————

e

o

S

02
T

(dC,/dAH) / (mol kg / kJ mol™)
S
=

100 150 200 250
AH / kJ mol™!

X 10 X 9OTPDAXY FmbE S -BRIR A
AR

8. HHIhI-BRERDOFMELEE

Lok oic, 7ToE=7 TPD AV kL&
WL, BBiREZRT T v F =T WEE AH % RD
HHEERRE L. ZRIEIC LD EBBOWEH
5 AH°, AS® (RFEM) ZRkHDHZLNTEDH., —
SIETIZ LEIORENS AR ((RFEM) 2KkH D =
EMNTED. W—T 74T 4 TIETIEAH D
DAPRNG B ED N RDDZENTES.
INWNN—ZLDIN—T T 4T 4 ¥ 7ETIE AR
DHTMIENGEIZ b M ERDDL N TE,
AH® DA MR B S 55 .

WL OMDOREIZSWT, o7 vrEeE=7
W 25 BN 2 SO INEVER I L D B EE & el L7
LA, BB —HKLE6]l. ZhiZT7TrE=T
TPD D EBR « fEMNTIEW DO IEME S ZFiEL T\ 5.
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T, GoNTT U =T WREADERRE OFEE
f%éw@%%%@&ﬁkﬁmbfwé_km
b, KRPEOZRYMEEZFFL WD,

TV =T W GBI BRAL F 00 E 78 O B e
IRINT A =R DT, WEROBBEDORETH D
HAREIC BB TE 5 [9]. E7z, T g
E OB IS DOBESL, S DITHEE XIS
FNF—L IFIELTEY, flEHz2 480
IR T E, ®mWIEEE RO O EHEE & 5
ZTCWA[8,10]. F7o, AREHT HiEIXEEREE Lo
7 =7 TPD KR & F 3 AL D TPD 12 A < 1
HATx, Na®A4T74 b LD ML OWREEED
EFTICBIGH SN D [11] 7 &, W RIR L KE 0.

X5z, EREMEOEE R —-HThHHrELT
A4 MZBWTlE, HIESINTT VE =T WEBRN
% B UL BH % ¥R 5% (density functional theory,
DFT) I L 55 & L < —F 7 5 [10,12-15]. =

D EIIMNTIEDZUMEEZ R L TVWD DI LT,

FREMHHRAE KL LTHIET 2810k -T

[E REE O JF R 2 R 3 2 B 2 A2 725 L
TWa. Blazxirs e, Y BREAT A4 FoMILIZ
ZZEHLUBAOEM[ BEOH)IZ Ca¥'ip & LM h
FA U ERET D EETNRSI S, BAPHD
bhbpZ k [14] ZOXIMBED I TF A DR
BORWEGAEITIE, Gk T &N 72
UTA_;oT@%Em&iézkum&e,E
BBEENREDOLIICRES>TNHONIIET S
HERFELN I TND.
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Systems  and

A Broadcasting Algorithm using Adjustable
Transmission Ranges in Mobile Ad Hoc Networks
Abe,Y., Sasama,T., Masuyama,H.

Proceedings of the 4th International Conference on
Web Information Systems and Technologies, May
2008

Evaluation of K-/Lattice-Clustering Algorithms for
Random Wireless Multi-Hop Networks
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Primary and Secondary Consolidation Behavior in Oedometer Tests of Saturated Cohesive Soil

Masayoshi SHIMIZU, Daiki TANIGAWA
Civil Engineering Course, Department of Management of Social Systems and Civil Engineering,
Graduate School of Engineering, Tottori University
Tottori, 680-8552 Japan
E-mail: mshimizu@cv.tottori-u.ac.jp

Abstract: A series of oedometer tests were conducted on saturated cohesive soil. The height of specimen was varied as 1,

2 and 4cm. At the specimen's bottom, pore-water pressure was measured to judge the time at which the primary
consolidation ends, tgop. and vertical load was also measured to estimate the friction mobilizing on the side surface of
the specimen. The primary and secondary consolidation strains developing before tgop were estimated based on the
secondary compression rate, C,, which was determined from the strain vs. time relationships after tgop. The estimated
primary consolidation strain was compared with the strain predicted by Terzaghi's theory of consolidation.

Key Words: Primary consolidation, Secondary compression, Side friction, Terzaghi's theory, Saturated cohesive soil,
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