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*Scale dependency of rainfall-runoff processes in the watersheds of the Tohoku region, Japan by Akira Kato
and Yoshiyuki Yokoo
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*Developing a simple model for estimating pH of the lake Inawashiro and its application by Ryo Hasunuma
and Yoshiyuki Yokoo
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*Estimating monthly forest fire occurrences in the Tohoku region, Japan by Junya Kanno & Yokoo
Yoshiyuki
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* Development of a stochastic model for predicting wind-induced damage to wooden houses in snowy cold
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UKt O ZKIBFFERE R LR E AW T, ThEho &2 LB 285l B T 28R
JE 7 va 7 4 VR R L7z, TRIFERO S Bl LT, MIROC OHA#ERAE VT, #iRH
R LU R A M3 R, BE ST Y AL =4 — A(RCP8.5, RCP4.5RCP2.6) CH 5, F7-, 1%
DAV AR Chl-a JBEEIC)E LC,  2.5ug/l R CESFEM, 2.5ug/1 UL E 8.0ug/l A Crsea i,
8.0ug/l LA L TR L S L2 Y, RIS T U A OEWE, REESFICE LTOT RIS
LCIERERELEE R o7,

ISR 20 SR A 2 B 234 B2, BELTZ 37 X A2 RAKRLHAKICHELZ, 22T
WAAL TS, #db, B, dbkR, o EoOHE T, WAALTES, BE, WPE, Jull,
MHED HODHK & Lz, K-4 124 GCM O /1% AV TR LA ERIR &, ARBFIEDf#T 5>
O PRI L7 AR KRS8 Chl-a JEE OBIR A7, HHPICIE, 505 % 20F TR O #isks] < o2 fE
ZRLTEY, £, OO0 GCM, = 20T F U A0Sy bELE LIz, S 6T, X4 LRI
FIEL, ALK & L TBERIEERAZE L5627/ LT D,
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MIROC, FEHA M MRICGCM, FEHA @ GFDLCM, FEHA @ HadGem, PHHA
~—7 K:RCP8.5, H1:RCP4.5, /]::RCP2.6
[X-4 TFRFERIZ XD Chl-a B & SUR O BRG] 0i b R 8, A X068 AA)

-4 DK E A EER L C, EIGR TH DIBRMBIC LY, PP Chl-a BEMEFL TN
RSB END Z LD, BRIERNEGRE U CHREIMEL 95 2 0, AFHHE»OHE
HEns, ARG CHELEREBAROR ST, FHRIBOSHPIHR Sy ESnb 7 ey o
TWh, ZTHIEERELTHERTLE, ®-7E LTWAER, M1 2R TH405 K891, #dt - m
ICHXIET 5720 Th D, K4 OMISRREADLGE DR TIE, RAKEHEARD T 7y FDA
T O X HEPRANATICN - TR Y, KIRIZKT 5 BFAMEHE(Chl-a J& % DG &V 5 IRE R
W THARIECTH D LW ) ZENHATIN D, ZhIx LTR-4 AT, HAAKRLY bHHEA
DFFBNS VAR > TN D, ZiuE, T8ROSR LT LT, BRIEERODRN LY
FHLLTVMHANR D H &0 2 Lich s, 202 EOERICE L TL, 4%maaiEn T, L
BHERM 7RISR DSLRIZ DR IN DIRBICORIT TN EEZEZ T D,

[X-5 12 AR & AR, [X]-6 12 Chl-a &SRO BIfR 2 7R3 (RCPS.5 DA, 215134 GCM
D% AW THE U7 R0 & T2 5 T3 U 7= Chl-a SRS OB O 2 FR T IR L
FHOTHD, TNTIERERZEE L > TN, K-6 2 SRRICHET I ON TERRIBO RHEFENE
MWRELRDZENDMNY, ZFNICEY Chl-alREDONT DENRKELRDLDOTIERVWINEEZ S
Nb, FONRToxG, RAREWHARTERRLLNT,

4. Bbic

AWFFETIZERN 37 DX Ll &4 & LT, GCM D 1552 F O TBIER L O PRk LiE ARk
(BT D & LAOREAKIR DA 27 Uiz, & OMNTFEREZ T A2 O L\ ) KB 723 S
UMHT B 72018, RIBKIRDS 20°C & H 2 2 4[] A & ORBAKIR AL 0.5C/m ZH 2 24/ A%
EWIHEEA AW, ZoRKE, BUROE L MBI BHATNIOR Y IREE AT, Y
DOFESE Chl-a JEOFRBRAZMER L, Z0XE O CTREROETE DOFKE Chl-a 2 HEE LT,
FERORIRD TRNINT OENH 579, Chla BEOTRNCHL AT OEZNTHEEX NS, F
TZEDORTOXICHLHEETEVAALN, HAKRCBT LT OEOFNRRKENI ERXbIroT2,
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#f 2
-5  FRIFEABID & 2R SRR -6 FIFEAR]OF L) Chl-a 5
23 3Tk

1) A A K IE Jry /KB K TR ORI (AR 25 L)

DG - AR : KFEEEZ L DENO X AHARE~OREGHE, EAFEAWmICEG BRED),
Vol.68, No.5, T 127-1 135,2012.

3)Nagayoshi, G., Umeda M., Izumi Y and Okano M.: A study on the operation of an aeration desertification

system as a measure for controlling algal bloom and musty odors, International Conference on Large Dams,

Barcelona, pp.265-288, 2006.

4)OECD: Eutrophication of waters monitoring, assessment and contorl, 1982.
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1. XC®HIC

WEEARTIE, #HoERSCER S
D FENZ AW Tk T O NZKILE I
L OWENRMEE o TWD, R
BRILTHIC BT HIEF 61 4~ TRk 25
O 27TAEM T 15 E DR KIC DI,
Wk 22 4F 7 H 6 B IEAR (LR AT Z o0
IR 1 62 7, R 141 F DR KEE N
HAED L, 72, LR oERDANC
BRI Ty K & KA A U T
I8N FAER RSN TE
0, IRAKERICIZIE K DS MR SR AL,
BAER COHEBERLAT D, KL
U CERB LT CIEB AT & it i 5 BERR 3 =
Eag (B 1) ISHIE 2R S vz,
Z O OB R E 35mm &L S
50mm XIS E ST, £ 2BE,
SRR R ORE D MThhBs Y,
R AERFET D Tk L LI o~
Ral—val3aBThb, ZiE
TIZ FAGE® & OHLZR [ O iz 20
TUITARBESEIT HE SN T2 B AT T 153
REINTE D, WARD FARERA
IZOW TR REE W THEET S

BAK S T8 Hok TR
B AR T A TR
B AR T8 A T2
B AR 2 T2 Lok T2

B2 BFFExTSR UK
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B
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(EWN
B
USSS

B

ZEBRENY DD, FFEBEHEONEERF T D OIITEEMR X E S & Z TG U
WRHRBOBRENLETH D, A TIE, BhLTEH (K2 ) x4 e LCREMITy I =
L—a v Y IS E A - BRI REEA L, FEANCRERERERET S 2 LI R IR

fRITET VOUBREZ RN E T 5,

* Improvement of inundation analysis simulation using information on city planning in the Koriyama city
by Kota Kozawa Yoshihiro Asaoka , Hisao Nagabayashi and Masahiro Tezuka
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2. HRFERTT—FE b
2.1 FEEWEHE

AT, BRILUTOIUEMT S I 21— a v 1179 1ChT-»>T, 5B IESER
WETOMTZITOMERNDL D, ZODR (1) 17T GEV (—BRILMRE) /»4m % H
T, AMeDAS BRI O B A HEE L7z,

1
Ax) =exp[— (1- —“(";”)“] (1)
Z 2T, x IEWNET —# (mm), a (TR ERE, P
180 -
DR %37 parameter TH D, HET —X ;140 1
120 -
IXERILBR 2 &%) 6km BEN =R D L2 4 — A 100 - %8 o

MEFR I ZRRE STV D AMeDAS BRI 1976 ﬁ 22

~2014 4ED 39 AEROT —H A LI, A 4

WFIECi, A 22 48 7 A 6 BICHRAE L7igK '2?

T4 RMOETHRZENICEL2bDTH- T

Dlmn, 4 BMEEMNT 5. £, B $&*& ,9&*’& ",Q&*'& @é‘"& @,&** éé** @&*‘*
IO & R4 B STV 2 B8 BRREE
BUATOMeRFIRIT, 1998~2014 4£0 17 4 M3 ELUFORERTE

DT —H N HAERE LT Rk 4 W &
AMeDAS BRI D4R K 4 BRI F B O EIFR D HEE L7, B3 (CERILTH 2 #5 0 4 B e R
AR,

2.2 BEMITYIal—vay

ARG TIRERIL T A R & LTS S 2 Lb—32 a v O EEITo 12, ATICKEE L &
NHHIEET T RE D Y MER LT —% v hETICHWZ, BFHT—2 (K4)
TAREEEEOEROBEBRPDREINTODLEILTO FAKET—% (K5 , BEOBMFAET
B EAMOT — 2 2 L, 5T — 21X ImDEM (2010 4= 7 A FHA - 7 2 7 HL (k) )
AR U, B - X E ISRz, BRI —EOHE T FAREICRAT S, FK

.

M4 AT S FAEEET—s O
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B OWE RN T R E TR RENT, M2 RTLTE K O fENT 21X R C AR E RN 21T 5 . BEk
DOFETIHE EROTIELE R, FPRE~OMAZRZHEHT O, BRICBW Tt REE
BEET, 2RI AR EHMNTIC LD FARE~OMBEEZBEL TV, FKk 2247 A 6 BIZERL
HAHCIAE LI EPEMRICK L TR EE 085 ICRRET 5 Z Lic kv, HYiFoRKRIZ
BETEDZENMHRINTND, Lo LayBlliri i i TdEmEicsET 2 5AThy, v
Ralb—va TR EBRFT A5G, KEEOFMRERALELE IS, ZD7H Lo
T AT KB EICFEMICIERE 525 2 EBRNETH D,

3. HMREETLOKE
P O RN ORA Z 3R ET 572

DES LT OF AT FHE T — & & F T A, S jlﬂi?j_FE%ﬂm
ROFIROHR 2~ FEAER LI, WA= — 1 ERAM A& (ERHY)
FE#R IR, Sbictfl=a—FoE 2 Eith (&%) FREERBELL)
HUTESFIH o — RS Shb, UEot 3 Eih CREE) XAy
R ==, R - s ey 4 FEEREE  ERCL
FECERECE BEF AU LT, (K e D

IHFAR) 5B L a— REMH 5 LEETAEK 6 ICRT, KEHNORWKEDRY
T, EONKEORY TR EH - BEEG AR L TV D,

M6 WERDOHIEET NV
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4. LE I 21—V g VOSBRE
wekoET L (I 7) THEHIBERKICO
Fw R — b - K B A ELE L,
TAREICHRAT 258 E & LTV zh,
Y DT T ALK BN OZEH - BEH
5 BT L BT FAREICHRAT D
J— REETT, B 6 DRANIARY
TUNIZBW TR RAT 255 %
RLTWD, RFZETIE, FEMCARY
S aAEIL, WA - BRI O
a5 27-2 8212k, BEROEA
FRTE & RGN TE R EEAT > B It AR L
BICEETHZ ERAREE 2o, X
BHNICBWNTH HHFRHARY 2 mo
MR OB EN AR L o T2, E
Ay Iz LTI LRI H=a— o
T (M%) - B GRERLE) IR = — RE2M5L, Zhick3ng, gyrR) 2o
HiEm A2 NS B Uiz, 8L LT, 2BUTORYARY I OHlEE % 20em 223 B, 3 B
YL LR Y 2 O %A S0em A & BIFRRE L, IR ERAK LR FIRAKDHEDIEREL LT,
BRE L 7o HHURIH, R I BT 5 05 A LI fRAT £ 7 W AZ KA GAZ., 2010 457 F 6 H D4
FZER (4 FF 101mm) @ 10 YMEOT — X 2 AN Ty I ab—r g a2 FE Lz, iRk
JRERS, K& IS 0.85, HLEREITER 0.025, K 0.04 & Li-, HHURH - SR g R
DEADNEERFTHTDICHERDT I ab—a UEREHB L, kDT I 2L —
g UREIT ERO L BY, ERICHHRRER TS, CRTARECHET 21T o2, £ KEN
R E AT, EOEREE LTWnA,

X7 HEROET NV

5. BEL IalL—va UiER

WEHEDL I 2 — g URERARS , WERMDOY I 2 —2 g UREREAR9ITRT, 24
— ADFERE T B ERERDET IV ITILE KRB R 2ARIZIEN > T D ONRIERTE 5,
L LWFEZOET L TIEEM OIS BT R L o TRESE S, @ L CEEEAR
HNTCND, ZD7, HERORERTITILEEILEL BAKRITEWRIINZ Ao bh, &
Heth DT MTILEIE P < 7p o TV D NZEHSCEE I 7 K OB S I W TSR IAT 729
RAKEDEVEFT NS MR TE 5, K102 5 MO EREOEZ KT, ©— 27Dl
WHEE T 5 L, wBREOERBEITISGEINICK L TR 30% 072, & ETFoERKREN
TERGDDL, FERBZOETIVIIHERO FIE L R LT 19 K 40 45 ~19 I 50 43 D 10 43
OB FAE O /NS0, Jie R BRI R OC R E TR ENT & il LT, E i EOMAKD Tk
BADHABRZNEZDLEEZLND,
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ARFFETIL, BRI 2 G & LT, LA S X 2 b—a SRR - @RI o
HHMAEALT, MHARREZFEMICRECEDETAVERE L, 4%, BEOILE - RAKD
FEHE S OHERE L 72 e Rl B 2 SIS A AR ORBUE - MGEEZATVY, S HOMET R O 2RI O

THAT 5.
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AWTEIX ey 7 R EER X OES 2B E N E L BREERF AT O K88 & 20T
TEENT-, FEMEHEDOT —2 137 27 MRS, F/AREELEEHIERIL A 512
HeEZT-, IR L THEEET D,

BE R

1) BRI Q014):ERILT 7 U T ZEHRR 9 F7 7 e T
https://www.city.koriya ma.fukushima.jp/304000/9miri.html

2) FHE— - LRl - AR - BRES (2000) 1 RIS & 2 A O UKIBEMRY, A
PGS, No.663/11-53, pp.1-10.

3) fEFFEK (2015) : 2010 7 H 6 B OEHZFWIZI T 5 B ILERATOIRAKMAT & FRE, BAK
LA AL ER ¥R
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R EF A N A DENERBICB T 2 KEREHI

HIERE XKZERIZHER HBHE
Thuyloi University Le Thi Thanh Thuy
Thuyloi University Nguyen Trung Viet

1. F&#

ERBELEEOSLIZEBWT, HEODEE LWVERFEERICEY, fEx ORBEMENEEL L
TEBY, AIRPLEEINTVWDLRERZ N, 20X 72RE, BEOAERIZBNTS, &
ERFEREMICZ S OALAKK TCOEWKEEBENEC TWERERH Y, Zh EHELE
FHEZEL TS ELEx5, LnL, FRICHASEKEICOWTE, —EEFICKENELT
L&, REOBEICIIRNHEZEST L2200, MAETHETFE LW ROVRRZ#T T, hx
CHESNTETWDHLEZATHD,

DX, HSMEAKIROKEBRERAICE, ZR2FGNEFEMI PN b, KK b
EPHIMEEZIT) CEBLEELVWEZATHD, LL, T CICMENAE LT TV D KRIRIZS
WA BG4, BEFEORBRZENEIE, KERERORTFO L & Cidkl, REREETO
B RRBOTH - REEITO) ZENARETHIEEZOND, £, 20X 2EHN
SENE, BEROWCOIEGHERICBIT2E=4 ) V7 AEOHKER L0, iM%k
EBNEEORF N AIRRICR D EBZLND,

ARIFFEOGE, XN LAOEHN ) A OHEHHIALTIALET S Tay Wi TH 5, Z OIL,
HHEHICH O, BEICH > TIREH, SkET L, ERRERELE ], TROLZ ) z=—
varBIOBEE LTHATHD, L, KEREOEMATEEICHEA, 1990 FA I iEH
HEBECTHOICRITF ChHoT-AKEN, DTN 10 FEIZETBEELNLVICETE->TLES
(Luu et al.2008), fTE=° PFI HFEIC LV, TARLBEGEZ 2 EOXEKDS, BEEDGRL2OH
DRV TH D23, X VARG D @O KEREEMEAT H A 2 AV 7o 5 R O i (bR R A A E E T
WnHEZATHD,

ARERICTHE, T oW L CABRZKEREREZ FZE L, MNKEoR4itizd 52 &
MTELZDOT, TONFIZOWTHET D,

2. TR S & H BRI 5 1k

N NFLADOEH N A OHEHALBIALE T D Tay W2S, RFEOM G THD (K-1), 2D
Wi, < s Hong JIIOWHRME L TSN D THD, Lz ->T, FAKET
fo2mEE VWM TH D, £/ Hong)Il E ORZWHBRUINTE Y, RERFNRA DTN &b,
WHAKOHHERERbEWL, Z0), Moz bZ b0t LTERBLLLTWHEHIZ > T
W5 EERD,

*Measurements of water quality in a shallow eutrophic lake in Hanoi, Vietnam by Makoto Umeda, Le Thi
Thanh Thuy, and Nguyen Trung Viet
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TR R B EOKBEFERMICINZ, TEPOEHICH DD, WREOBRE CTREE S
TARELELTBY, INDLOERD D OHIEAD, ROAETENRKL I TWD, EFEORK
WRELEZY, WOBREEMAR, Zo+HETCRBICHET Lz, BIEOKERRWIX, Z7rn
T 4 v a’fI 40 g/l, COD 2K 20me/l F2E (Le et al. 2014) &, WREBEMIIXK SN D1 E
DRETH D,

A

mﬁ.n,\
X-1 #FFEtgto Tay & E O (Hong )1 % & Te)
HEEs KM, Ay EK, s
B H LAY Tay #]C, ZOHICHEM R Z AN TR LT,

BINX 2014 429 A 25 HIZSEE Lz, BUIANE, WAROZHE (-1 128 L7 13 &) 128
W, KR, Z7unua” /va, EWE, DO OESAFNEIT 7=, WEIZIE, JFET KAV T
v 7 #1:% RINKO Profiler & i\ 7z, F72, XEKEEAKLERE, UV, TOC, DOC OH|E % 1T

> 7,

3. BAKSE

B-2 iR oK E DO OBIIFE R 2 /3, WINOKEIZ, &KT2m (HR 06, 10) T
HolzZ s, EEICENHTHD Z EBNDND, EANE CHRIE LB TOBRE
AL, WA ARERRE L TWEEE X 5,

KRBT, S OREKIEIZHZ- T, K30CHO—ERKBDH TH-7-, DO X, FI
EEIZBNT, 10 205 15mg/l BEOEZRLTREY, @RI TH-Z, X, %k
FToHr7mraT7 4V aREORRPG S, @MIREICHMBLIEEY T 707 broRAERIZED D
DThDLEWHIND, ThiE, FELIVLBETLOLDTWAZHANALNDD, £ OHMAT
IFAFNE VB FBRRE CH o7z, 72720, WAoo 12, 13128\ Tk, AEFERET
2V b O, FTETHImgl £ TR T LW,



7B ['C]l, DO [mg/l]

78 ['C]l, DO [mg/l]

78 ['C], DO [mg/I]
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X-31%, 7aue7 e EBEOCEIER CTCH L, Zuua T 4 ball o0 Tk, MEHED
b EEZONDN, RETOCEMWMEL AT, KE 0.5m BE LY TREIZEWTIE, #a 40
pglFIZEOMEERZL TS, B LIZMESMAICT v X LAREHPRE AN DD, BEHE
fELTo7ay 7RISR T lENEIE L T2, O~ OBIEORIRICE Y o3
— ARG LTl THAH ) LRSI D,

WX, MR 20EU EZRL TS, BRIZBT WK, SO THT2Z NG, Z0OWH
DOERFRNETEEL CWAEW T I 7 horThdbeEZbND, 2L, Bl ids 10
WROND LI, 77 b al3hEMIC —HRMNREELZ T L TS 0ICx L, BEIXTE
THE o TWA LS RMAEbH D, Tk, W77 27 b P OWIKIEE % ORE T
W EHEIEN S, MEAICIIRELSR2WVWS DD, WOEDNSHEYEKDTANEATICL Y &
L7280, TDOLXIRKOBENZEL TWLAMREEL B2 b5, £/, #HA 13 1X2EIICHE
EREV, T, AVITRICZR S 2SS CORBBREE R ENEHEL D EHRIESh S,

F- LTSI O R Z R, EERREEICO W TIE, BAEE oA ICLY, 2y
R T & oo ey, U FRERBO®R L RoT L ZARZ WV, 2, BT 77
b O L ORI S, EREREREENMERMET 2 L) Rt BEZX BN D,
LovL, MEEZERICE LT, MMEEH (NO3-N) FHE LS TRt ER2 oo
WXL, 7 E=TEESR (NHA-N) BNEEHA TSN TS, 7 v BT EBERRE
FENRRIEE Z R LIS 03 128 W T, MifEmEER (NO2-N) bfiishTnd, 2hb
WZDWTIE, HEENL OBEKIRAICLD2EETHLIEZEZLND,

Fe-1 BRI ORGSR

TOC DOC NO3-N NO2-N NH4-N TN PO4-P TP

[mgC/1] [mgC/1] [mgN/1] [mgN/1] [mgN/1] [mgN/1] [mgP/1] [mgP/1]
STO1 12.69 5.14 <0.01 <0.01 <0.01 2.31 <0.01 0.105
STO02 12.56 - - - - 2.682 - 0.166
STO03 11.48 4.16 <0.01 0.041 0.269 3.431 <0.01 0.228
ST04 12.37 - - - - 2.610 - 0.177
STO5 12.57 4.66 <0.01 <0.01 <0.01 2.601 <0.01 0.179
STO06 12.15 - - - - 2.579 - 0.173
STO7 12.94 - - - - 2.586 - 0.172
STO08 12.28 4.95 <0.01 <0.01 0.030 2.358 <0.01 0.132
ST09 12.37 5.27 <0.01 <0.01 0.034 2.513 <0.01 0.164
ST10 13.21 - - - - 2.533 - 0.169
ST11 12.88 - - - - 2.655 - 0.180
ST12 13.25 4.69 <0.01 <0.01 0.036 2.558 <0.01 0.168
ST13 12.52 - - - - 2.573 - 0.169

4. FEW
AT, ANAMRERBICHEDEZFICHEEL TWVDE T AEN A HNO Tay %



114

RRIT, BRBCHHBOBURIPIREZ EH T 5720 OEBEALRHMAEZ EELZ, BWHTH
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quality, eutrophication and biodiversity of West Lake (Hanoi, Vietnam), 2008.
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Application of Simulating WAves Nearshore (SWAN) model

for wave simulation in Gulf of Thailand

Wongnarin Kompor!, Hitoshi Tanaka? Chaiwat Ekkawatpanit’, and Duangrudee Kositgittiwong*

Abstract

Evaluation of ocean wave is important matter for human life and activity in coastal area. Understanding
characteristic of ocean wave such as ocean wave height can use to determine the fishing area for fishermen,
evaluate the coastal erosion, determine ship transportation in ocean and evaluate the ocean wave energy
which is the new source energy in recent year for example. Thus, simulation of the ocean wave height by
numerical model is presented in this study. The numerical model used in this study is Simulating Waves
Nearshore (SWAN) model, which is the third generation wave model and based on wave action balance
energy equation. The implementation of the SWAN model, which running 2 periods between March to June
and October to December, are clear weather and storm period. The results from SWAN model is compared
with the near real time satellite significant wave height from Jason-2 satellite. The scatter plot of observed
data with modelled data, comparison of the wind speed between the observed and modelled data from
NAVGEM, and monthly validation statistic are presented in this study. The results from this study show an
agreement between observed and modelled data. However, some time period shows error. This error is
probably due to various times of observed data when compared. The results of this study are a preliminary
step to determine the wave energy potential in Gulf of Thailand and will be used as the input data in
Computational Fluid Dynamics (CFD) model to generate the ocean wave energy.

Introduction

Thailand is located in South East Asia bounding the Andaman Sea at west side of Thailand and Gulf of
Thailand locate at the east side of Thailand. Both 2 seas is the important sea for Thailand such as fishery,
traveling, ship transport for example. In Gulf of Thailand, there is a coastal erosion due to reservoir that is
constructed in the North part of Thailand, coastal construction that lead to soil erosion in the other area, and
ocean wave that eroded the coastal area. Thus, understanding the characteristic ocean wave is important
matter for civil management, prevention, and protection the coastal area. To understanding the ocean wave
characteristic, the simulation by wave model is presented in this study. Simulating WAves Nearshore
(SWAN) model is selected to use in this study.

There are some researches which studied and implemented a simulation of ocean wave height in Gulf of
Thailand e.g. Kanbua et al. [1] who implemented the significant wave height in the Gulf of Thailand during
Typhoon Linda 1997 by Wave Model (WAM) and Neural Network Approaches, Wannawong et al. [2]
studied the wave energy potential in 2011 by numerical model (SWAN model) at Gulf of Thailand,
Kositgittiwong et al. [3] simulated the significant wave height by wind-wave model called Waves Model
(WAM) in Gulf of Thailand 2011 for computational fluid dynamics simulation based on Navier-Stokes
equation, Thanathanphon et al. [4] developed an operational wave forecasting system for Gulf of Thailand
by using SWAN model.

'Master Student, Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of

Technology Thonburi, Bangkok, Thailand

Professor, Department of Civil Engineering, Tohoku University, 6-6-06 Aoba, Sendai 980-8579, Japan

3Assistant Professor, Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of

Technology Thonburi, Bangkok, Thailand

“Lecturer, Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of Technology

Thonburi, Bangkok, Thailand




140

Therefore, the objective of this study is to implement a SWAN model for Gulf of Thailand during March to
June and October to December in 2014. The wind data from Navy Global Environmental Model (NAVGEM)
in 2014 is used. The bathymetry data is from ETOPO! which provided by the National Oceanic and
Atmospheric Administration (NOAA). The wave simulation model in Gulf of Thailand is a difficult tasks
due to lack of wave data from buoys data. Recently, the satellite technology has provided a possible way for
model validation. Thus, the significant wave height results are compared with satellite data which provided
by Jason-2 data in this study.

Methodology
1. Study area

Study area in this study is the Gulf of Thailand. GOT is bordered by Thailand, Cambodia, and Vietnam. A
seabed area is 304,000 km? from 6°N to 13°30” N in latitude and 99°E to 104°E in longitude. The northern of
GoT is at the estuary of Chao Phraya River. The southern part of GoT is the line from Cape Bai Bung in
southern Vietnam to the city Kota Bharu on Malaysian coast. The Gulf of Thailand is a shallow sea which
has 58 meters in mean depth and maximum depth is only 85 meters. In this study, the study area cover 99°E
to 103°E and 11°N to 14°N (Fig.1).

2. SWAN model (Simulation of WAves Nearshore)

SWAN model is the third-generation wave model that
based on the action balance equation as shown in Eq. 1
[5]. SWAN model solves the spectral action balance
equation. It provides realistic estimates of wave
parameters in open seas, coastal areas from wind, bottom,
and current conditions.

N dc N 6c),N+ach+ac9N:h o |

+ +
o o oy 0o 00 @

The first term on the left-hand side represents the rate of
change of action in time, the second and third term
represent the propagation of action in x and y axis. The
fourth and fifth term are the frequency shift and refraction
induced by depth and currents. Where N is the action

density spectrum, ¢ is the frequency, 6 is the direction, Fig.1 The upper part of Gulf of Thailand
cxand c,, is the propagation velocities in x and y direction. (adanted from ArcGis)

The right-hand side of this equation represents the effects of generation, dissipation, and nonlinear wave-
wave interactions. Therefore Sy, is the source term of energy density that include atmospheric input (S;y,),
dissipation due to depth-induced wave breaking, bottom friction, and white-capping (S4;s), triad and
quadruplet nonlinear wave-wave interactions (Sy;).
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3. Bottom data

The bottom data used in this study is from Earth Topography (ETOPOL1) [6], which is the data provided by
National Geophysical Data Center (NOAA). The resolution for ETOPO1 is 1 degree resolution or around
1.85 km.

4. Wind data

The wind data is from Navy Global Environmental Model (NAVGEM). The NAVGEM data includes wind
data at 10 m above water surface. It is collected every 6 h with resolution of 0.5 degree or around 57 km.

5. Procedure

The procedure in this study is shown in Fig.2. First, provide the data from ETOPO1 in ASCII grid type, which
requires program reformat created by using FORTRAN, and transform file data into dat file. While
NAVGEM data provide in GRIB format that required to use WGIB program to summation and change into
text file. Then, the text file data are reformatted by FORTRAN program. Finally, a bathymetry and wind data
are used to input as an input data in SWAN model. The results from SWAN model are presented in map,
graph etc. by MatLab program. Last, validation and calibration from observe data are used to conclude the
study.

ETOPO1 NAVGEM

(ASCII grid) (10-m u, v component wind)

FORTRAN WGRIB,
(reformat) FORTRAN
(reformat)

Bathymetry Wind data
data

[ Graph, time series, etc. ]

Fig.2 Procedures

Results and discussion

The results from running the SWAN model in the upper part of Gulf of Thailand in this study are compared
with Jason-2 data which is a satellite data. The model results are compared with 3 cycles of satellite data in
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each month. Fig.3 shows a map of significant wave height with dash line that shows the satellite moving from
point A to point B in 1% April 2014 at 0800UTC, the graph shows the comparison of significant wave height
between SWAN model and satellite data and graph comparisons between wind speed from NAVGEM model
and satellite data. Fig.4 also shows the map of significant wave height at the upper part of the Gulf of
Thailand. The significant wave height from SWAN model trends to decrease at nearshore area due to the
wind speed from NAVGEM model trends to drop dramatically. Fig.5 shows a map and comparison of
significant wave height with a good agreement between SWAN model and satellite data. The reason with a
good agreement from the wind data from NAVGEM model that similar with satellite data. Fig.6 the
comparison between SWAN model and satellite data trends to give some error results because the different
wind speed data from NAVGEM model and satellite data. The comparison of four figures are selected to
show which best agreement on this study. Fig.7 shows the total significant wave height data during March to
May 2014 and during October to December 2014. The root mean square error (RMSE) of significant wave
height during March to May 2014 is 0.285 m and during October to December 2014 RMSE value is 0.327
m. The RMSE of significant wave height value during October to December 2014 is higher than during
March to May 2014. The reason probably because there was a storm happened during October to December
2014 that decrease an accuracy of the satellite data.

Conclusion

This study shows a good agreement between SWAN model results and satellite data from Jason-2. Some time
period shows error but still a good tread from various times of observed data when compared, the accuracy
of wind data from NAVGEM model and satellite data and small boundary area running due to wave spectrum
developing. The accuracy of significant wave height during March to May 2014 is better than during October
to December 2014 which is the storm happened in Gulf of Thailand at that time. Future study to simulate
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wave by the SWAN model in the large area of Gulf of Thailand to decrease the results error. After validation
of SWAN model in the Gulf of Thailand, the main propose is to create a seasonal wave energy distribution
map for the Gulf of Thailand.

Model vs Jason-2 Modelvs Jason-2
18

16

14 +

12 | # Jason-2 vs Model

# Jason-2 vs Model

model (m)
model (m)

. + RMSE=0.285m

] 02 04 06 08 1 12 1.4 16 18 0 02

RMSE =0.327 m
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Fig.7 The relationship of significant wave height between SWAN model and Jason-2 data
(a) During March to May 2014 (b) During October to December 2014
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Long-term morphological change on Darang Coast, Vietnam

Nguyen Trong Hiep', Hitoshi Tanaka?, Yuta Mitobe® Nguyen Trung Viet* Vo Cong Hoang®>

Abstract

Phenomenon of accretion and erosion at the Darang River mouth has been observed to be severe for a long
term. Based on the satellite images- Landsat images, the long-term evolution of this area from 1988 until
now has been raised to discuss. The shoreline variation in the river mouth has happened in an unpredictable
way; indeed, the adjacent areas in which at both sides of the river mouth have much changeable while the
areas far from the river mouth have been seen to have minor change. This study applies even-odd method
to analyze the variation of the shoreline at the Darang River mouth. The formation of both sides of the river
mouth varied consecutively in the period from 1988-2015. The onshore/offshore retreat and advance of
both sides represents the even portion while the odd portion represents the longshore sediment effects.

1. Introduction

Vietnam is not a big country in
Southeast Asia but fortunately the N |4ki*
country has a long coastline about \ Thailand
3620km stretching along from North
to South. Alongside the coastline,
there are many rivers pouring into the
Pacific Ocean and the erosion of the
areas contiguous to these river mouths
has been detected to be a essential
issue in recent years. So far, the
sediment retreat and deposition of the
Darang River mouth has been become
one of the most urgent concerns of not
only the local authorities but also the
government. There were many researchers analyzing this area before and after the erosion became severe
such as Huong et al. (2009), these studies discussed the mechanism seasonally and annually tophographical
change and hydrodynamic states of the river mouth. The latest research related to the Darang River mouth
was Hoang et al. (2015) utilizing the satellite images- Google images from 2009 to 2015 to analyze the
morphological change of this river mouth. That study claimed the most serious erosion area was around the
river mouth while other places seemed to be stable and had small amplitude of change.

In this study, the Landsat images from 1988 to 2015 is used to survey the long-term morphology
change at the Darang River mouth; however, owing to the sufficiency of the amount of data, this research
also investigates the movement of the river mouth during the analyzed period and applies the even-odd
method to discuss highly the variation of shoreline at the Darang River mouth.

Hanoi

Cambodia”
. ambodia
Pacific Ocean

Figure 1. Study area
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2. Study Area and Data Collection

The Darang River mouth is located in Tuyhoa City, Phuyen province, south central Vietnam, about
400km northeast of Hochiminh City. Figure 1 shows the location map of study area. Darang is the river
mouth of the Ba River which has the catchment area of 13,900km? and 374km length.

In this research, Landsat Image obtained from U.S. Geological Survey (USGS) database from 1988 to
2015 is utilized. All the images had taken has been already rectified to the WGS-84 (World Geodetic
System — 84). The method to detect the shoreline from the rectified images is depended on the peak of the
gradient density which characterizes the difference between the color distribution sets of pixels. Due to the
low resolution of the raw images about 15-30m per pixel, the utilization of these images must be
considered strictly. Therefore, the data acquired can be used to discuss in the area in which remarkable
change of magnitude exists as illustrated in Figures 2 and 3 but not in those where the changes are smaller
than the resolution of the image.

(a) 1988-09-12

(b) 2002-08-10

(d) 2015-06-30

Figure 2. Landsat images
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Figure 3. Shoreline position from 1988-2015

3. Result and Discussions
3.1 River Mouth Shifting

The shifting of river mouth plays an vital role in exerting the shoreline variation of the river mouth;
therefore, the survey of location of the river mouth from 1988 to 2015 is needed. The position of the river
mouth in each year can be found by means of specifying the location of the center point, (x¢ y¢), as known
as the narrowest point of river mouth. As shown in Figure 4, from the shoreline data, the definition of the
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center point is able to be defined by taking the middle point between two points which are closest to each
other from two sandspits respectively.

The movement of the river mouth can be seen clearly from Figure 5. It indicates that the location of
the river mouth from 1988 to 1991 moved to the right direction then from 1993 until 2015 the river mouth
position has been moving gradually to the left side of the river mouth and from 1995 there have been no
signal to display the return to the location from 1988 to 1991.
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3.2 Shoreline Change

Amount of shoreline accretion or erosion, Ay is evaluated and shown in Figure 6. The amount of
shoreline accretion or erosion is obtained when subtracting value of all shoreline position data sets by the
value of the first shoreline position data set. That calculation is expressed by Eq.(1)

Ay(x,t) = y(x,t) — yo(x) 1)

where y, is the first shoreline position data set on March 20, 1988.
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Figure 6. Shoreline accretion and erosion

From Figure 6, it is noticeable that the the erosion mostly focused on roughly 400m starting from the
center of the river mouth to the both sides in the period from 1988-1995. Afterwards, due to the movement
of the river mouth to the left side, the position of the river mouth has moved to another place causing the
severe erosion in about 1km from the right side of the river mouth and rapid deposition on 1km area left
side of the river mouth. Otherwises, the remainder of the study area has various variations and needed
much data to acquire the noticeable differences but the existence of increasing trend can be seen from the
Figure.

3.3 Even-Odd Analysis

The point of using even-odd method is to address how natural events and inlet or structure effects
induces to the shoreline change. Owing to that, an independent time interval of shoreline variation is
required with a separate assumption that the wave and wind climatology causing onshore/offshore and
longshore transport is stationary in time (Walton, 2002). By Rosati and Kraus (1997), the total shoreline
change f(x") = y(x', t,) — y(x', t;) (tn, t; are the last and first shoreline data in the independent time
interval) at an alongshore distance x'= x — x¢ from the inlet is composed of an even (symmetric)
component, fg(x") and an odd (asymmetric) component, fq(x"):

f(x) = fe(xD+ fo(x) )

where fg(—x") =fg(x") and fo(—x") = —fo(x"). The even and odd components are extracted from the
total (measured) shoreline change expressed by:

FQO) + F(=2) 3

fel) = ===
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foey = LS "

By the definition above, from 1988 to 2015, shoreline data in two periods from 1988 to 1989 and
1996-2004 are chosen to apply the even-odd method in order to express the change of shoreline and also
the predominance process in the studied time.

Period 1: 1988-1991

During this period, the shoreline behavior is characterised by asymmetric shoreline position as seen in
Figure 7(a). Indeed, the most changeable area in the left area is the area of roughly 1.5km from the river
mouth whilst in the right side, the position has remarkable change is about 800m from the river mouth.
Moreover, even though from both sides of the river mouth there are places that shoreline varies differently,
but based on Figure 7(a), it can be marked that the the trend of shoreline variation in the left sandspit is
reduction and that in the right sandspit is increase. As a consequence, the predominance of odd function
can be detected in Figure 7(b).
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Figure 7. Shoreline position and even-odd functions during Period 1 (3/1988-10/1989)

Period 2: 1996-2004

The result from Period 2 in Figure 8 shows the influence of the river mouth shifting to the variation of
area adjacent to the river mouth causing the offshore sediment advance in both sides. From Figure 8(a), the
sandspits from two sides of the river mouth increases gradually from 1996 to 2004 by a large amount. And
the movement of the river mouth is centralizing to the left sandspit also causing several eroded areas in the
right sandspit. But the increase in shoreline in either left and right side of the river mouth can be noted to be
the trend of this period. This leads to the predominance of even portion as shown in Figure 8(b).
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Figure 8. Shoreline position and even-odd functions during Period 2 (03/1996-06/2004)

4 Conclusions

The erosion at the Darang River mouth has focused on the tip area of two sides of the river mouth. The
change of shoreline is principally affected by natural events such wave, wind, sediment supply from river
mouth. On the other hand, the location of the river mouth has been centralizing to be near the left sand spit
causing the substantial deposition to both sides and the threat of closing the river mouth.
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Temporal variation of shoreline positions on Cua Dai beach, Vietnam

Dinh Van Duy!, Hitoshi Tanaka?, Yuta Mitobe’, Nguyen Trung Viet*

Abstract: Severe erosion has been observed on Cua Dai Beach, Hoi An City, Quang Nam Province,
central part of Vietnam. The erosion is getting more and more serious. This study discusses the volume
change rate through the analysis of shoreline positions at a selected region of coasts extended from Cua
Dai River mouth. The predomination of the long shore sediment transport is recognized and the
movement towards the south of the sediment is also observed.

1. Introduction

Along 3,300km coastline of Vietnam, severe
erosions have been observed at many locations in the
recent years. Cua Dai River mouth, which is located in
the central part of the country is also one of such erosion
locations. Cua Dai Beach is one of the best beach resorts
of Vietnam located on the left bank of Thu Bon River
estuary (usually known as Cua Dai River mouth) which
is 6km from Hoi An City in Quang Nam Province, the
central province of Vietnam (Figure 1). Ancient town
had been formed in Hoi An City during the 16™ century
under strong effects of Japanese culture owing to a busy
international trading port at the Cua Dai River mouth.
However, large amount of sediment supply from Thu | | wes o — )
Bon River had been recognized as the main factor |~
causing loss of function of this market since the 19™
century.

=z

Pacific Ocean

Quang Nam Y
province

Due to severe erosions observed at the Cua Dai
River mouth in the recent years, some studies about the
erosions at this river mouth have been carried out. Viet
et al. (2015) investigated the morphological change on
Cua Dai Beach through image analysis. Hoang et al.
(2015) performed a theoretical analysis on the erosion of shoreline around the Cua Dai River mouth using
analytical solutions of one-line model. Tanaka et al. (2015) pointed out the erosion mechanism at the Cua
Dai River mouth. Tanaka et al. (2016) also discussed the interrelationship between serious shoreline
retreat and sand terrace formation on Cua Dai Beach using Landsat images.

Figure 1. Location map of study area

Although studies about erosion at the Cua Dai River mouth have been done, these studies focused
only on the area around the river mouth. Therefore, the objective of this study is to extend the study area
to the southern and northern parts from the Cua Dai River mouth in order to make discussion on the
volume change rate of sediment in this area.
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2. Study area and data collection

This study focuses on the Cua Dai River mouth (Hoi An City, Quang Nam Province, central part of
Vietnam) and the two coastlines extended to 20km and 40km in the northern and southern parts,
respectively, from the river mouth (Figure 2). Cua Dai River mouth is where the Thu Bon River flows
into the Pacific Ocean. The Thu Bon River (152km in length) has the average annual discharge of about
327m%/s (Viet et al., 2015).

: 20 km 40 km

=
Google earth
(@
Image © 2016 TerraMetrics
Image © 2016 DigitalGlobe

DATA SIO, NOAA, U.S, Navy, NGA, GEBCO
o — Image © 2016 CNES / Astrium

Southern part

X (m) x10*
Figure 2. Extended coastlines from the river mouth

Google Earth images available in 2001, 2002, 2004, 2009, 2010, 2011, 2012, 2013, 2014 and 2015
are used for the analysis of this study. However, not all images are captured for the whole study area.
Concerning the rectification process, all images are re-rectified to the World Geodetic System — 84
(WGS-84) using a line with the direction of 144.94 degree counter clockwise from the north and an
original point (x=0) with the coordinates 217289.08 E and 1754078.07 N on WGS-84. Shoreline positions
are extracted from rectified images at S5m intervals along the coast. Moving averaging method is applied
to reduce the effect of beach cusps. Tidal correction has not been made in this study due to the lack of
capturing time.

3. Results and discussion

3.1 Temporal variation of shoreline positions

Various shoreline mapping methods have been developed over the past decades. Moore (2000)
provided a survey of existing methods and summarized a list of considerations to be made when selecting
a shoreline mapping technique. Elizabeth and Ian (2005) gave a review on shoreline definition and
detection and came to the conclusion that temporal consideration of the “shoreline” obtained from
imagery has been improved by analyzing the time-averaged images. In this study, the shoreline mapping
method utilized by Pradjoko and Tanaka (2010) is applied.

Because of the wide study area, detected shoreline positions (y-axis) are shown only at some
locations along the coastlines (x-axis) in Figures 3 for the northern part (upper diagrams) and the southern
part (lower diagrams). All shoreline position diagrams are plotted with the same length scale in the y-
direction. As can be seen from the upper diagram in Figure 3, shoreline retreated significantly (about
180m from 2004 to 2015) at locations closed to the river mouth and advanced at locations far from the
river mouth. Concerning the shoreline positions plotted in the lower diagram in Figure 3, it can be seen
that the shoreline advanced at locations closed to the river mouth with the advance magnitude observed
to be about 10m from 2011 to 2014. At locations far from the river mouth, shorelines retreated with a
small magnitude (about 6m from 2001 to 2014). Based on the results obtained from the diagrams, it can
be said that the shoreline variations at regions around the river mouth are more significant than at regions
far from the river mouth.

In order to have a general view on the retreat and advance of the shoreline positions, the shoreline
change (Ay) diagrams are plotted in Figure 4. However, due to the different initial years, the shoreline
changes are separated into two diagrams with the same length scale in the vertical direction (Ay) for the
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Figure 3. Detected shoreline positions at some locations in the study area

purpose of making comparison between the northern and southern parts. From the upper diagram, it can
be easily recognized that the shoreline near the river mouth retreated significantly while advanced parallel
to each other in a major part of the northern area. Specifically, the erosion zone expands to about Skm
from the river mouth. At about Skm from the river mouth, the shoreline starts to advance downcoast. On
the other hand, shoreline in the southern part advanced near the river mouth and
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Figure 4. Shoreline changes in northern part (upper diagram) and southern part (lower diagram)

retreated at locations far from the river mouth. In general, variation of shoreline position in the northern
part is much greater than in the southern part.

3.2 Shoreline change rate

Rosati (2005) reviewed the sediment budget concepts and expressed that volume change rate
magnitudes may be estimated using shoreline position data or shoreline change rate which is denoted by
a (m/y) in Figure 6. Therefore, shoreline change rate will be determined to facilitate the discussion on
sediment budget. In order to determine the shoreline change rate values along the coastlines, the temporal
variations of the detected shorelines will be plotted at every 1,000m intervals along the coastlines. The
slope of the trend line associated with the temporal variation of the shoreline at each section is considered
to be the shoreline change rate at this section. Temporal variations of shoreline positions at some locations
are presented in Figure 5 with the shoreline positions and the temporal scale presented in the y and x-
axes, respectively. All values of shoreline change rates are plotted in Figure 6. From Figure 6, it can be
concluded that longshore sediment movement is predominant in this area and sediment is moving to the
north.

4. Conclusions

In this study, google images have been used to analyze the temporal variation of shoreline positions on a
large area from the Cua Dai River mouth. On the northern part, the shoreline retreated significantly at
locations near the river mouth and advanced parallel to each other in a wide area of this part. The shoreline
changes in the south represent a small variation during the survey period from 2001 to 2014. It is also
observed that longshore sediment movement is predominant in this area and the sediment is moving to
the north. Based on this conclusion, one-line model can be applied to find a solution of morphological
change for a finite region at Cua Dai River mouth.
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Figure 5. Temporal variation of shoreline positions at some locations
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Figure 6. Shoreline change rate in the study area
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connection space and aperture by Hideo MATSUTOMI, Tomoe KONNO and Shunsuke TAKAO




182

aB Dense Case
aB Sparse Case — —
g‘ : Case of RC building — [ —] wlla —
without aperture — — —|" —
— — 3o
— = 1n — —2B '—>I : Case of RC building
l— B | without aperture
Building with Building with
aperture apermre
- | O Y |
Building with aperture |5, | Building with aperture kDB 1By | ke |the-1)B /B,
7 ' h=const. i
s s Uy hyu hug
P t & ® e ' ﬁvﬁ )
= T
(¢} [C] (2] @
h By u; by u; h,

B2 o ¥—>v (& BEDIS L RC ERENOEE BE@Y) | 4 Jeois
ZER D RC EHE DA (ATFR) . FEROKEILEOTR2 N EE)

Sparse Case y y

L : approx.
v | —— : Case of RC building [ __ +h 2 +h /2
I:_:l without aperture [ Ha | (" Yoty Yo
-] [t
[ra— —~ TIn - T hp/zA,,,, Y h,/2a’ 0,
l— Bl
aB Dense Case y y = :I\approx.
== | [ o Vit ¥yt
[ (1] i [ [ blg. | +blg.
i s | | KL [ yeh2 o Lyshy)2
A,, a, 0,
l— Bl
#—— B'—> ——: Case of RC building without aperture

-3 oRrXZEWMEROEMoET L (F: BADOINL L RC EEEWOHA, T ko
7o ®ZER O RC EBREY OLGA, FIBOKIE X AN 72 0WEE)
L THIERRE R, B2 AMBR, %K) 245, 2osE, RABESTIT20ERD S,

:hi+(l+g);l—ig @

2
;
+h,,

h+u—/:h+u—/B+h,E:h+
2g 2g 2
T 2T, hp XY ERTE E TSR D T R F— I (=(k-1)*(BYB-1) *uf/2g T, EH) ,
Piop VZ0 72 E 72 BRI £ TICHB T D=3 AF—FIBAIE (= (K- uf2g T, AE) , BIIEE
Wt & o7 TR OAFHE, CIREJOT FAXF—HIRHY, g ZENMEETH 5,

S B B SEIS N O B FEER © FIRERIC AN 72 RIS B 1 A E B EFAIIR A TH B,

B'hu, = Bhu , +(B'— B)hku, = aBh,u, +(B'— B)hku,, 3)

Z 2T, a (0<a<1) VB O EIE aB REWINE B, h, 1 XB O OBRE S S (B E I3 OT
HIEROBR O Z 1 DOERHOEICHE Lz L Eom S, BEEITHRR) | u, X0 0Ee (b
[ aBxh, DFEIGEHN) OWEFEEFETH Y,  TRIFBEEIRANORAKRIT —E] & THEY
ERTEICH T DA AN L 2THRITHES ] LV I REZHEAL TS,

X (3) 2 b EEWEATHE 23T 5 Wik AW HE up & LT k- (k-1)B/BYus 2155, k1% 1<k<B'/
(B-B) DfEIL T, —~fRICKRETH D, BEWOFIEEIZIB T 2 ARKFEOHEEE T VA2 B-4 7T,

AHHEREE A EHE T, EANFKESATH5E, Stoker Mg Vx0T 2L OES H
LA EIRTE 5, 2 IRoTENLEE (B2 &) 07 X 2E5M, BEMOROMHE=HEL T,
IR D, EE . R Y, e s Ve RE N YR OMIERR AR L TR, K
AiFX@) &5 ThH D,



183

Front view Side view

RC
055 F Building "
4 loss - A “ F;p T
oss 3 P Vp u— ’fr JIP
—D— —B——n—
B-4 EEATHEIR AR h OHEEET VLB OER
hi(a)fui):h(a)fuf) 4)
hv(a)—u.)u.—h(a)—u/)u/=lgh.2—lgh2 (5)

2

T, o KOVIIKE B GIGEE TH D, KM4) & (5) 0 SR OATHIEKIFERE b/ B35 3
/kvxﬁ%n R, - D WA D VL B E  NEF O GEE) R AT B

[ﬁ] —[ﬁ] —{1+2F§(1—""j }h+1:0 (6)
h, h, u, ) [h

AR, DR &M EBEYORORBFERLTH-TH, BAOSMOMESCEIR, NE
W ECTRRDIITTHD, R(O) 1L ufu; & Fy e XT A—2 L LTHEPNLDD, ufu, BRI
BB OO, TR, NERIRDL, SR EEMR E L OBMRIIAET, BEICEZ LN D,

T, e ool EE F'ﬂ&@‘ﬁ%ﬁfﬁm (CXIETE DI UMREZI—RET 5,
I OB DREEIC R T 2 EE LEHREORAFNITIX(T) KRG E2LF) L@ THD,

{k (k-1)= }huf—ahu (7

g(hfyp)thr{kf(kfl)%} hu? =hu +f(W+ hBJDu +gd ®)

ZZT, ypaiﬂﬁﬁz‘)%ﬁﬁmiﬁtlﬂ‘u TOEE, fIXERBEESRE, w XB 0E o B E A HI
KLU T D& RITTATR KA L 0k i;% 105, FAHO (O MIZEXRTLS -2
DA, Faﬁm%m@ﬁ%ﬁﬁ/vmr“ﬁ DEFE 4 BEEWIFm S OFKIENE) 1% p 2K
BELELTKRANTHD,

2 2
o= o L oG VBY B, | 1 k= (k= 1B Bl ©)
0T e T ahp 2 Op
h
A:(hi_yp)hp hi>yp+7p
1 hY h h (10)
=5[h,—yp+7"j yp+7"zh,>yp_7p
h
=0 higyp_?p

KD E@ME up b h OEFERZHT, ZTORBRAER(O)ITRAT D & RIS &
AADEED,

2

byl el
wY (#Y 1 A (11)
— | —|—| —q1+2/ F, - —+1=0
h, h, " {k-(k-1)B'/B} {h ( h] }h LR [k
Liflw+L = ——-a’L
h, aB Jh, | h h;
D) OMYTFEOZ T L VWO T, KR TIEERFRICIVMEGRL LT D, 272

L, k IIMEAOINE L7z RC EEEY (k=1) LRW\WoOREZZE T OEA R RC EHEY
(l=B'/(B"-B)) DHHEEBRWTRIET, BLIRZFOFMFIEEERTHILENH D (BiR) |

=




184

3. RHOSDOBEEEEBKEDTEE

SRR B DRSS T 5 72 0, AP OEE R O 5% 1 SO O EIciE T 5,
3.1 lBEDMIILT- RCEREYDES
(1) BEYICEHAOBNENES

BH OERAS 2272, B SR DO HE 1T L B2,

AT 2 K 14 1 Stoker BlR & WV CRFAT 5, BURRIICIE ufu=0 & LT, R(6) Zfig< ¥,

(2) BEYICHAOBNHZEE

AR KRB R E <R HI2240 T, —MRITH DAL Ay, OHINER o, AR 0, 1XE-3 &
MDA 2 DOROIREMRT/RT L HIICEHT 5D, KFEOHRE TIEIZN D OFEHHE (B-3
FROF 2 OO 2RAL, | DORBBHOEICHEST 5, BEMICE, oo
THRALE (=p-hy/2) & ESALE (sy,+hy/2) IXEBEOMBEZRAL, EEOBRNEEHEE L
FETEBR 8O f(Why/aB) 8 —3F 5 £ 9 ICHET 5,

BiEEKIEIZ, N L7 RCEBEMOBED kT 1 THY, k=1 L LT HEES
Do 12771, BIHIEARNDE HE O ESArE IS LR WAL, BifiE /KM 2B 0 E o Eigir
B EE L, BROEE ESGiE O G R EE A BE, T70bb =05 &35, BARMNRHELRE, )
WIS DO by B EL, hy MM S RN S, LMWAE L1125 358 S 5 pifEig AL
DT HFTRRHEEFEET D,

3.2 LWDOLETEMO RCEEEYDES
(1) BEEYICHAOSAL LGS

BREA 2=, BIOEOBBEITL TR,

BIARAKIEDOFHELEE L TRD2OBEZ NS,

1 DIFR TS A B E Li@R a7z E28E L, KAMI/NE 2B 08 (0,=0.1%F %) %
M AT ITIZ BT B 5 (AR R T) Th b, BRI ZARHBEEIIRIED 3.2(2) TR 5,
OB OO R E S EALERSE CRIERKIEDNEATHE2REND D, LEILE X,
RIBEB N\ 3.2(2) THRARDFEIELE O —EECHIERAKEEZ KED (Z2f) 3T 2
(B-70)ZR) ZtxExnL, ZolER#fEREENL S,

H o1 DITEEDE L S TR OAEHE B R REWE B L5 %, SR XS (=B"-B)
L BOE a LBEZBHHE (WEHOWEL, B2 AKEE-3 TRIZE) Ths, ZO%HA
EEED kL BIB-B) THDHN (ZD kDa, XADIFFAHTERY) |, k=1 Ol OEEET
HHEJROIMSL L7z R & b R 5, OO P s ictimEm (=00 Tho, HEix
3.1(2) OHEGHIR /KM A OO B EICE L2 WGE R U 2T 25w, ZoHIEC
o7 MO () E@)ZBHL TV EWHIENRD D (k) .

KEMEDBEIZHONTIE, e s '""R0E 2 TiMtiEEZ R LTV 5D,

(2) BEWIZEOSADHIEHE

B O OHAEIE 3. 1(2) OB A & FBEICIT 9,

DA D KIIRET, TOMEEEZLLFIZRT,

B O 2 @i 9 Ditim%E Qp ORI EMEAOHN BB TLA5HREZ Or L LIESHEA, k
EHWTRILEMEOL RIIKRATH S,

R,:%:{k—(k—l)i}i (12)
o BB

—05, WE ST, BT eI O o LM E W o IEETOEWICER R <,
RERIPKBLEDOA Y 7 4 ABKNTHRHET 28E O Bernoulli D EFL S HFE SN 5 ik
(=\2g(h-y), 22T, y IAEMER (M) Z2FEE LNEERE) LitiEeE3#% (=(aB+B"-B)dy)
OO TRED LRETIE, Oz @ETHEE AFHTREOK R, ZRATH D,

3 3
Je oy
P S (13)

2 (B’ Jmi {(k v, 1hpji [h v, 1hpji}
—1|—| +ay| ———+—"7| | ———F———
B h, he h, 2k, by b 2k
302 E () DR —HTHEEGE L TREIND,

AR KR 3 (11), (12) & (13) AL S CEE T 5, Bl /AN 2B 0 E o FisAr
WZELRWEAIT3.1Q) 04 L R UM 21T 9,




185

11.0
6.0 Ly=5.0
Building GATE <
hes fn o X
\va hu
¥ ””»»..,__\ hnI -
P—20—++—20——2.0—+
VERTICAL CROSS SECTION
L _»
oEle 458 b
o

@ : WAVE GAGE @ : FORCE TRANSDUGER PLAN VIEW Unit m

A : CURRENT METER

-5 FEBOKE OB, HIEKESORLE &Rl O

0,225% (U) wo% O] 0,45% ()|

35

0,725% (L) o,,%o"{ ) lose(w)]
—B=70—" — 170 7.0 — - 7.0

B-6 AEMBETOMM GRIE 1/100, B0 em, BATDIXRT 54 om, BN 0,13
SR O 2R TR KT 5 b 0)

R-1 BREBR DKM

35

10 - 7.0

BPKIE  hy  (cm) 25.5,27
FKTE by (cm) 5.0,6.7,8.7
RE AR S 126
HAER  hg  (cm) 3.7,2,0
K& hg (cm) 0
FRAER 0, (%) 0,5, 10, 25
BB OEmS H (cm) 14
EARIOWE B (cm) 7
EARIOWRIT D (cm) 5.4

4. {EEIEER

HOR L IR 7 — D ABREL O Lz, EBRUKE OIS, HIEEIORE & #E DO ER
ZB-5 10”7, ERAKKITE S 0.50m, ME2S 0.30m, HFKE Ly 5.0 m, —HEAKIEE (FoK
T hy=0.050~0.087 m) , —HEAEBIE T (B S=1/26) , FH7aFE E# (M#% e hg=0~0.037 m)
DA %2.0m, 2EN 11.0m OMlET 7 AR HHEFEKETH 5,

Y NERIGE T O 2 B-6 (2T, HAIOAIL 2011 FEHALEI O L TS L2 Bk
WAz )BT O 4 BEEE TRkt V&M LT 5, BEEM OB 0% 0, IMEAANAR TR (B0 72 L)
BAAERO0 %) ELFEENZR EHV ] (BIRERITER & RRO BT E I TEICHY, mMED
BR A RIXE—D 5, 10, 25 %, W{BEIX 0 %) O 7HEHE Lz, BROKEOERIZIEASHT
B, BHOE»SHALZKITZFORIZIEE D, F72, HHERAIOBE DX aIE - SfEkne
THY, BERINIIREEER DR WZERIREEL 72> T A, MR 1/100 T, fAIER (b kL
ME) 1370 — ROFMELH] 2L EFEED RC EREW N 1.3 Hm*BEFRETHD Z bk,
TR R-1 1R T, hy 1 ZWIH 7 — b BRIk D IR, he 1 X 72 FE 500 JE i s & FE A
EHFE TOKRE T, SEIIMEOREL EMICT 572D 0em & Lz, ERIIEr— 2 30T 7=,
WIEHE B I ORTHE 2> S M T 25em & Sem, 5D S EFIAIC 7.5 cm D 3 fiEICB T
6%%{§K%{ﬁ§+ ((H%) KEYENCE H:%, UD-SOO) L:J:%){Eﬁrﬁ7k(§é /’ljzs, hf5, h,s, *ﬁﬁ!@ﬁﬁﬁ
FESR D B K EEREWE S~ 3 em BENL 72 ALEIC BT D 7 a0 N TiEEH (AR ER R, B 3 mm)
WCEDIERE v (—8HE) THDH, BARINERE SN TR WEE OB ENMNEICBIT D A
FHEE AR & AFHEE R OME 1T - 7o, BWEESL OWMMBE O =0, KiEo L5 & [H
LETARE LITo 7,



186

2.5 > 2.5 > 2.5
2 2 S 2
~< ~ '/'@0 ~ I
= 0 :0,=0% 3 e 0 :0= 0% 2 ’ 0 :0,= 0%
= A 0725%(U) | = . A :0=25%U) | = A :0,225% (U)
15 . O :0,~25% (L) 15 , 0 :0,725% (L) 15 L 0 :0,225% (L)
© 10,= 5% (U) ,' A © :0,~10% (U) i ,' A © :10,710%(U)
© 10,= 5% (L) © :0,710% (L) s © 10,710% (L)
. A :0,710% (U) . A 10, 5% (U) A 10, 5% (U)
0 :0,~10% (L) 0 :0,=5%(L) 0 :0,= 5% (L)
1 -- :1.2 times 1 -- :1.2 times 1 -- :1.2 times
1 1.5 2 2.5 1 15 2 2.5 1 1.5 2 2.5
(hihy), (h/hy, (h/h),
4 AL ST
(a) k=1¥ (b) kAl RABHEEBE 1) (o) kA1 (RAEBA Rk 1)
B-7 AR AR RERE b OHEEE (GR(11)) & FERRIE O ik
5. HRELEER

P07 T2 & BN Z AT 556 ORTHRAKREREL hh (ZBIY 2 AGHFEOHEEE & 528
D% B-7 1273, B-7 (a)i L@ /A DAL L7z RC SR & L CHE L7354 Y, B-7(b)
TN 22D RC EHEEM E L CHE LESAOLOTH S, 72720, WXKE L B=7.0
cm, f=0.02, BE-7 (b)TiL B=21 cm (#30 cm) & L, BHOEE 72 WIGA ORARR T #5& 0 iiE
0.15cm, #£0.70 cm O E L, »,=0.075 cm OALEI | EFTARE L7z,

W25, B-7 ()OHEEME & ERIIZH I 2 2 5RBEOZEOMHE & LT IEEMEEONEN
BIERAKEDOENCZIEL 72 & (IBIATRWZ &), FARESHRLETR OWRENREZLND, |
ELTOERY, VORI EMEBET D - L TEORBNLEIND Z LD,

B-7 (0 &5 &, oo EME BB L, #ERE ERIEO 80808 K< 25 k51
Rxn, LnL, E<ADE, ORI EHTHAOERZ2WES (KMF0O) Eknor&E
ZERICRE N E H 0, WIE RSB DER O ERERATEIZEE L WIEA (FFIZ 0,=25%D A) O 2
FHCBOTHZDERKE WVEHEICH Y, BEORKMBRD LND, P>k =M TN
HRRWGEEICBWT, TREDIE L SR S EMEOAFHE B A B8R B L &2, D&%
MR E BDOE a LB 25071k ICXAHEEEITERMEIC LTINS OOEE 527 (H
-7(c) o OB L LT, LiRORITEIRAM A OO LI EICE LR VSG LRI, A
Ko HITKE TOROEH~#HH SN2 R&EX () L Q) %, HHKTEEAT HH OO X%
MA~BEHLTWDZENEZLND,

6. HHYIC

(72 L PO 2 AT HIETIRO RC ERGIY ~HEE D A ICAFT D56 O A4
B AR 2 O T2 RITTENR KR h OHEEIED —firft 2 Ao, HEEE & RRE O IR - itz @
LT, P27 ZEFTHOEN 2 WEGEA ERNORE R THROMAH Y, Bz KA B
AERD ESArEICE LR WA D 2 R B TR B ORI D 50, B HEEEIT 2RI,
FRICB D EZ AL, ThRKETAHAELGICAEHTHL Z L2k LT,

SE 3

1) AAREE S @Ey B - WD, pp.577-579, 2015.

2) WA, WE : EEPEILHEE O S HEE A BT 2 AT, MR LU, 5 56 2, pp.296-300, 2009.

3) WE, A, W HOEEAT M 7 U — MERYICE < BRI A BT 2 B ER, EARFRWOUE B2

(MEFE L), Vol.69, No.2, pp.326-330, 2013.

4) E, N8 B R A A TS RCIEBREWICIT 2 HEEKEOHEE, hARTSGSCE B2 (7 15%) , Vol.71,No.2,

pp.361-366, 2015.

5) %%, HE, MR B L KIEEYROEELE R ST, 55 25 BUKPEIE A CE, pp.125-132, 1981,

6) Stoker, J. J.: Water Waves, Interscience Publishers, Inc., New York, pp.326-333, 1957.

7) ey, EAE M EEE ST DB O BICB T S, 14 BN LR ISR EEAE, pp.179-181, 1967.

8) WM, WA ENIEEIC X AR HER B O KBE L WD A = X A, 5 30 EIE R O SCHE, pp.332-336, 1983.
9) M, B, SR bR ERE I ER T 5 MR I RIS B T S KB RY B 82, LRSS SCHE B2 (MR L) , Vol.e9,

No.2, pp.816-820, 2013.

10) gy, AT, B, f@il, RE, $aK, SEEF c BHOREA B Lo ke LA E Y TR T D B R e A B O FEME, LA

PG SUHE B2 (MBS T%) , Vol.70, No.2, pp.386-390, 2014.
1A, KE, @i, B, 85K, #E%  RKAHRMEZ2 B8 Lo be EREEWICER 9 2 Ba e ) O -G, LRSS Sk

B2 (#FT%) , Vol.71,No.2, pp.985-990, 2015.

12) G, KB, 4 MAGCE R O JEMER & A A St o AU, = TS, #8514, pp.301-305, 2004.




52 2016 187

ERLEKEED LR OB EE~DBE

FRHE RS ARE SR
KERY: AELT
RHERS 751 2

1. [FL&HIC

HER L K DB p (X ATE S T <, B0 Ea (8 ERREE) R O HERDIR L
B Z X HER R0 L IR R (RS ok 5 B HERIRE (HfE) oicb AT EEX
HiLh, Lo T, JRHKEEITEE OFIGE - JEF R L HER R 2 T — & &
L CRllid 2B o fific b B8 E2 525, L, MW EESOHRE, LM EEmE &
WL R e DO B R 2 TR & LIFRIZERIIC b IThI - 2 L 30,

KIFFIE TR A EED LI ARBEEBRICE ST Y, R o BURETAN 10 8883 2 b HEfs =
(ISAixate) , THERER R & L & e (1) , 3l b o B R 2 a5,
2. =E&
2.1 8

TWIEB-1 IR TR EOE BEE ( T PHFER) CHEMH) B L OMIEHED 2011 43k
B ORI ( TREBR) CFEH) TRERLZLOEHAWEZ, R-1ICERTF—AFOMHH LW
ORLE RG] 279, RN #R L% g (B-6 /) . [MlEWERE (RE) | &
O 3R CHEIRLZERAZ W ORGEZEWT 5, 4 FEO T ORJERFMEICRZEILZ R0,
2.2 REBAK

BRI s — NV R MRS A7, T30 BIROBIKKEE Lz, 2720, T
B O Rl % I & B 0 5 KRB & 5% 1T, AR O T2 1L 0w &8 A 7210
KERKTDTDITEN LV AR O Yy T HE, £0EKEH ESE57-0IZ20Y v >
TEICE] & &R 850~2000 um OHPERL Y T THEZ @O BRI 232 T 72, S 51T,
TR B ORHA & AKTKRBEE A1 O IR T 5 70, WE OB dhim i &5 7o, KR
IKEE OIS OKEEOMBEITANE) , WERE (A ATV X —RE) OEER EEZR-2 17T,
PRI T 0 B LSO KIS 7 — MEZ Ok 2308 L, 77— F AR TR
L7z, 7— MIT Y& ESOKEHOR GG REERIAET 5, 330 A Eimo K
DOESIE 1.2m, KEIEIX03m, IFAKMOFHECILES 05m, E03m, BIT03m& L, JIFK

Ui (}/ﬁiﬁ:ﬂ:‘—’ﬂﬂl

"Q Akita ¢

/Nis]u'me“ :':

(

/ nzEAE

O ¥ -l Google earth

B-1 525 Lo BT
* Influence of the density of tsunami flooding water on tsunami deposit and run-up height
by Hideo MATSUTOMI, Fumiko KONNO and Satoru SAIKAWA




188

®-1 ERAT LR ORLERER] (RIS T D R

- ki gE | % | hER
b M N .
ERRI | Lrem) | "0y |k | 1
) 2 0.28 2.42 |1.077
6 0.32 241 |1.232

NEIE KT 2 0.31 -
6 0.31 - -
— il 2 0.32 2.16 | 1.272
6 0.33 2.19 | 1.116
L& i = 2 0.28 - -
GRE& 6 0.30 2.56 | 1.157

DT

B hy 090 EOREARL Sy, & & AR BEHEGEB O OE S, KFEKETOE S L,
BWEVAROY v TEORS hs ERIAAR S, ¥ 7B T E A AV Y U F—FEDNk
S OEHE Lo, Yy 7RISl &R ERmoOR S ERmAR S5, ERETOLWE (&) Ly
IERATEERR L CvE LT, B2 1278 L7z EBROK I OFE o i3 T8 %k O &R b 0 T 5,
IR & R A I 31 2 VDL AR LD TSR OB B, FE ST O VL KR % R
i 5720, KEKBE EEMEEIC A r— L E2WEL, B Ehrb T By s17i-7-,
2.3 BWAE

(1) ZHEER

LEAKIITRVEBEEZR T L, KPEKBETICHGED bW aE R ExiAL, TitimOEAE O
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Why building damage concentrated to Longtoushan Town during the
Ms6.5 Ludian Earthquake®

Xin Wang (IRIDeS, Tohoku University), Susumu Kurahashi, Hao Wu (Aichi Institute of Technology),
Hongjun Si (ERI, University of Tokyo), Ji Dang (Saitama University), and Kojiro Irikura (DPREC, AIT)

1. INTRODUCTION

An earthquake struck Ludian County, Yunnan, China at 08:30:10.2 UTC (16:30:10.2 local time) on
3 August 2014 with the magnitude M6.5 (M6.2 by US Geological Survey) and focal depth of 12
km by the China Earthquake Network Center. Though it is a moderate earthquake, it caused
unexpected building damage and loss of lives (G. Zhang et al., 2014; L. Xu et al., 2014; Liu et al.,
2014; Y. Zhang et al., 2014; Hu et al., 2015; Lin et al., 2015; X. Li, 2015; Xie et al., 2015). As of 8
August, 617 people died, 112 people went missing and a lot of buildings were destroyed (Wang et
al., 2014; Cheng et al., 2015). The highest peak ground acceleration (PGA) reached to 949 gal in the
E-W component at the Longtoushan seismic station (S3LLT), which located at the outskirt of
Longtoushan Town and about 8.3 km far from the epicenter (Cheng et al., 2015). Most of the deaths
and damaged buildings were concentrated to the Longtoushan Town (Lin et al., 2015; X. Li et al.,
2014; X. Li et al., 2015; X. Xu, Chong, et al., 2015), mostly due to building damage and partly to
earthquake-induced landslides. (Li et al., 2014; Li et al., 2015; Xu et al., 2015; Lin et al., 2015).

In this paper, the reasons of building damage concentration to the Longtoushan Town are studied
comprehensively, combing the generation mechanism of high acceleration at the Longtoushan Town,
the ground motion simulation at the proluvial fan and the river terraces considering the different site
amplifications which are evaluated using the inversed ground structure based on the microtremor
measurement. The vulnerability of the buildings at Longtoushan Town is compared with the 2008
Wenchuan earthquake based on the vulnerability function of the 2008 Wenchuan earthquake (Wang
et al., 2011).

2. BUILDING DAMAGE INVESTIGATION
We performed a filed investigation around strong motion stations near the epicenter in the northeast
(Longtoushan, Ciyuan, and Zhaotong seismic station) and southwest (Mashu and Qianchang seismic
station) direction of the epicenter. Through the investigation, we found masonry buildings are widely
used in the disaster area, which is similar to the struck area of 2008 Wenchuan earthquake (Wang et
al., 2011). Furthermore, buildings around Longtoushan station suffered serious damage, whereas
slight damage around other stations. Almost no building damage happened in the Zhaotong City.
Some slight damages, such as cracks in the masonry walls and deformation of foundations, happened
in the Ciyuan Town, Qianchang Town and Mashu Town. Severe building damage and building
collapse only can be seen in the Longtoushan Town. A remote sensing photo of the severely damaged

area (on proluvial fan) in the Longtoushan town is shown in Photo 1. From the photo 1 we can see

#2014 FEEERE HEHE (Ms6.5) (Z31T 5 B E DS GESH LB LT L7 FUIR ST
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that on the proluvial fan most of the buildings were collapsed, only rubbles were remained. The
building collapse ratio, which is defined as the ratio of partially and totally damaged building, is
almost 90 %. Photos of three damaged multistory masonry buildings are shown in the Photo 2, which
are counted in to the collapse ratios. Though poor quality of some residential buildings result in
severe damage, some buildings built based on the new design codes still failed to achieve the design
target (Lin et al., 2015). The direct reasons for building damage should be contributed to be the

vulnerability of buildings and the characteristics of input ground motions.

a B

Building-A “ Building-B Building-C

Photo 2. Typical damage of mutistory masonry buildings (locations are shown in Photo 1)

3. FOCAL MECHANISMS SOLUTION AND RUPTURE PROCESS
As shown in Figure 1 the observed acceleration waveforms at the Longtoushan Station (53LLT) have
two impulsive waves. Firstly, we examine the arrival direction of seismic waves based on the particle
motion diagrams of P-wave parts and the two impulsive waves. It can be seen that the horizontal
plane oscillation of the P-wave part is generally in northwest-southeast direction. Therefore, the
azimuth of the starting point of the fault rupture can be assumed to be northwest-southeast direction.
The particle motion diagrams of the first and second pulse of the S-wave oscillate are in northwest-
southeast and northeast-southwest direction, respectively.

These impulsive waves were considered to be generated from the strong motion generation
arecas (SMGAs) based on our previous studies on source model studies (e.g. Kurahashi and Irikura,
2010). In order to make clear the mechanism of the generation of large acceleration at Longtoushan

Station, we try to construct a short-period source model consisting of strong motion generation areas
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using the empirical Green’s function method (EGFM) (Irikura, et al., 1986). In this source model,
we consider both of the conjugate fault planes as source fault. The locations of SMGAs were
determined from the aftershock distribution and the particle motion diagrams of the impulsive waves
at S3LLT. As a result, the location of SMGA1 for the first impulsive wave was determined on the
Baogunao fault. That of SMGAZ2 for the second one was determined on the Xiaohe fault. We selected
the empirical Green’s functions from observed records of some aftershocks with magnitude greater
than 3.7. Hypocenters of these aftershocks are shown in the Figure 2 with closed star makers. We
select one aftershock, whose location is shown with closed red star in Figure 2, to be the empirical
Green’s function (EGF).

Two SMGAs of the source model are shown in Figure 3. The area and stress drop of each
SMGA were about 20km? and about 15MPa, respectively. The comparison between observed and
synthesized acceleration, velocity, and displacement waveforms in the EW and NS directions at
S53LLT station are shown in Figure 4. It can be seen that the synthetic ground motions explain well
the characteristics of observed ground motions for either plane.

4. DIFFERENCES OF SITE EFFECTS AT LONGTOUSHAN TOWN
In order to examine the relationship between the site-effects and the building damage on the proluvial
fan and the river terrace within the Longtoushan Town, the ground structure of three sites (a01, a02

and, a03, shown in Photo 1) locating from the proluvial fan to the river terrace are reversed using
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the ground ambient noise. The measurement duration at each site is 30 minutes. To avoid the
influence of accidental noises, the thirty-minute data is divided into several tens of windows with
length of 20.48 s. Fourier spectra of all windows are stacked. Microtremor H/V spectral ratio, is

calculated as the square root of the ratio between horizontal to vertical power spectrum as expressed

H oy [Pl B (f) M

where, Pns(W) , Pew(W) , and Pup(w) are the power spectrum of microtremor records in the NS, EW,

in equation (1).

and vertical direction, respectively. One dimensional (1D) underground velocity structures at
Longtoushan Station and the three sites a0l, a02 and a03 are identified by minimizing the misfit
function, Function (2), which expresses the difference between the observed and the theoretical H/'V

spectral ratios.

Sy -y

/1, @)
X \/’z( VY

where, (H/V)"° and (H/V)°" represent theoretical and observed H/V spectral ratio, respectively.

In order to clarify the ground motion characteristics at the sites (a01-a03) near the strong-motion
station, we attempt to estimate the ground motions there using the methodology shown in Figure 5.
The estimated PGAs of these three sites are 779 gal (EW), 1101 gal (EW), and 660 gal (NS),
respectively, as shown in Figure 6. Considering the predominant periods of microtremor H/V spectral
ratios, the predominant periods at heavily damaged sites (a0l and a02) are 0.25 s which is close to
the natural period of masonry buildings. While the predominant periods at lightly damaged site (a03)
is about 0.15 s.

5. VULBERABILITY OF DAMAGED BUILDINGS

Most of the buildings around the Longtoushan station were public buildings, and were constructed
based on seismic design code. Trough field investigation, it can be known that Longtoushan County, most
of the buildings were severely damaged or destroyed, including the aseismic buildings. Severe damage
or complete collapse of the first story (Lin et al., 2015). Actual earthquake load significantly surpassed
intensity 9 (PGA=620 gal). It makes sense that the buildings were all severely damaged. This region was
devastated and almost completely covered by debris of buildings Building collapse ratio of this region is
estimated to be 95%. The observed building collapse ratios (CRs) are shown in Figure 7. The estimated
building collapse ratios of sites a0l to a03 based on the vulnerability curve of the 2008 Wenchuan
Earthquake3) are 70%, 85% and 60%, respectively, which are almost 10% greater than the observed

ones.
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Fig. 7 observed building collapse ratios (CRs) around the sites a01, a02, and a03

6. CONCLUSIONS

255

Masonry buildings were very common in attracted areas and severely damaged in Longtoushan Town

during this earthquake. Reasons of building damage concentration in the Longtoushan Town during

the 2014 Ludian Earthquake are comprehensively examined. The direct reasons for building damage

are considered as the high level of ground motions and the vulnerability of buildings. Source

characteristics (which relate to the generation of ground motions) and the site effect can be

considered as the indirect reasons. The following conclusions can be summarized.

1. Two impulsive waves can be seen on the acceleration waveforms in the Longtoushan Station.

A source model including two fault planes is constructed. The generation of large ground motion

in Longtoushan Town can be concluded as that it located on the direction of directivity pulses

of the source faults.
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2. Ground motions were amplified in the high frequency range which includes the frequencies of
buildings in Longtoushan Town, which are lowrise masonry buildings. Predominant periods at
heavily damaged sites are 0.25 s which is close to the natural period of masonry buildings.
While the predominant periods at lightly damaged site is about 0.15 s.

3. Observed CRs of Longtoushan Town are higher than the inferred ones. That is to say the
aseismic capacities of masonry buildings should be improved or some other structural types
with higher aseismic capacity should be used, such as reinforced concrete buildings, if the

economic situation permits.
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