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Laboratory experiment study on the building relative angle against tsunami
waves

Nguyen Xuan Tinh', Yuta Mitobe’, Hitoshi Tanaka®

1. Introduction

Tsunami inland penetration with strong inundation flow causes damage to infrastructures, forests, buildings
and humans. The current design standards for building are considered to resist to an extraordinary lateral load
induced by seismic action or strong winds. However, the coastal buildings are rarely designed to withstand
hydrodynamic forces. Tsunami wave forces on buildings are highly variable and depend on both the wave
conditions and the type of structure being considered. There several laboratory experiments have been
conducted to investigate the impact of dam-break and tsunami-like bore waves on structures such as Chanson
[2006], Matsutomi and Okamoto [2010] and Wuthrich et al. [2016]. However, most of studies were either
concentrated on a vertical wall building or building with percentage of porosity. There are no studies on the
impacts of both dry and wet bed tsunamis on the building which has relative angle to the incoming waves.
Therefore, the cause and mechanisms of tsunami-induced forces on such buildings under extreme loading are
still remained challenging to further investigation. The main objective of this study is to insight identify the
mechanisms of the interaction between tsunami waves and buildings with both of different wave conditions and
building conditions by a series of laboratory experiments. The outcome results might help to better design or
plan for the coastal residents buildings against the tsunamis wave impacts in the future.
2. Experiment setup and methodology

Figure 1 is the sketch of current laboratory experiment setup. The tsunami like-waves are generated using the
vertical sudden release technics of a water volume from a higher head to a lower channel on a dry-bed and
wet-bed conditions. This technic is similar to the dam-break experiments that have been carried out by many
other researchers such as Chanson et al. [2006], Lukkunaprasit et al. [2009], Meile et al. [2013] and Wiithrich et
al. [2017]. The wave propagates on a horizontal smooth channel with a total length of L = 14.6m and a width of
W = 0.3m. The buildings with a height of H,, = 0.3m and width of B = 0.1m were located in 11m from the
release gate. The blockage ratio § = W /B = 3 is sufficient to avoid the wall side effects to the building. A
video camera was setup to measure the water level around the building. There are four ultrasonic water level
sensors with a high frequency of 100 Hz were setup to measure the details of tsunami wave height during the
experiments. The water level signal post-processing is able to compute the wave front celerity (U) of
propagating tsunami waves. The wave propagating on a dry bed can represent for the first incoming tsunami
wave, whereas a wet bed bore may represent any following inundation wave. These both phenomena are

important since past tsunami inundation events showed that the maximum resulting force may not always be
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associated with the first incoming wave-induced inundation. Figure 2 are some preliminary tests of dry-bed

surges and wet-bed bores on a vertical building.
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Figure 1. Experiment configuration sketch

Figure 2. Laboratory tests of dry- and wet-tsunami waves

The main objectives of the current laboratory experiment tests are to analyze the tsunami load on the
buildings which have different angles to the incoming wave. Therefore, there two group of tests were conducted.
Firstly, the group tests are conducted without the presence of building to investigate the generated dry- and wet-
tsunami wave characteristics such as wave height, wave front celerity. The second tests are done with the
building.

3. Results and discussions
3.1. Generated tsunami waves characteristics

The detailed tsunami wave profiles were measured from four different water sensor devices along the channel.
The consecutive distances between each water level gauges from the WG-01 to WG-04 are 32cm, 28.5 cm, and
30.5cm respectively. The time series of the wave profiles for the wet-bed (Run 01) and dry-bed (Run 06) are
presented in Figure 3. The tsunami wave height in the wet-bed cases seems always higher than in the dry-bed
cases. Based on the time occurrence of water level in each water gauge, the tsunami front celerity (U) is

calculated and shown in Table 1. The averaged front celerity of the wet-bed and dry-bed cases is equal to 1.4 m/s



and 1.1 m/s, respectively. Based on these wave front celerity (U), both the Reynolds (R.) and Froude (F))
numbers of the flow were calculated using the expressions presents in Table 1, where D is the hydraulic diameter,
v the kinematic viscosity of water, g the gravity constant and 4,,,, the maximum water depth. The relatively high
values of the Reynolds number for both wet and dry beds indicate a high level of turbulence inside the wave. For
all of cases, the Froude number is greater than 1 implying that the flow is supercritical or rough regimes. For the
dry bed, higher values of the Froude number were greater than 2.0 indicating the flow behind the wave front in

these cases were saturated with advected eddies (Yeh [2007]).
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Figure 3. Measurement results of wet-bed and dry-bed tsunami wave height from 4 ultrasonic water level

Sensors

Table 1: Experiment testcases without the presence of building

Bed condition (frirll) l(lc’"ls; Z’r';f)" (IES) R, = U;D F, = \/ﬁ
Run 01 Wet, hp=5cm 15 10.9 5.9 1.5 3.67E+05 1.4
Run 02 | Wet, hy=5cm | 15 122 | 72 | 12 | 3.30E+05 1.1
Run 03 Wet, hp=5cm 15 10.9 5.9 1.6 4.07E+05 1.6
Run 04 Wet, hp=5cm 15 12.4 7.4 1.4 3.69E+05 1.2
Run 05 Wet, hp=5cm 15 12.4 7.4 1.3 3.53E+05 1.2
Run06 | Dry,hy=Ocm | 15 3.0 30 | 12 | 1LI13E+05 2.1
Run 07 Dry, hy=0cm 15 3.0 3.0 1.1 1.12E+05 2.1
Run 08 Dry, hy=0cm 15 3.0 3.0 1.1 1.03E+05 2.0
Run09 | Dry, hy=0cm | 15 3.0 30 | 11 | 1.08E+05 2.0
Run 10 Dry, hy=0cm 15 3.0 3.0 1.1 1.07E+05 2.0

3.2. Impacts of tsunami wave on the buildings
In order to investigate the impact of tsunami on the building, four cases were setup and tested with the same
initial conditions of the tests in section 3.1. For the wet-bed cases, the initial water depth is set to Scm. For each

bed condition cases, the building was tested by changing the angle to the incoming wave from 90° to 45°. Table
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2 is summarized of all experiment building testcases. Figure 4 shows an example of some snapshots of water
surface variations during the experiments. In general, from these data analysis, the dry bed and wet bed tsunami
had a different characteristic. Dry bed cases are characterized by non-aerated front followed by the increasing of
flow depth, while wet bed cases show a sudden increase in wave height with stronger turbulent aerated roller
front. A very high splash was obtained during the wet-bed cases when the building is directly faced to the
incoming wave Case 03 (Figure 4b). These results are also indicated that the different mechanisms of
tsunami-induced forces on the angled buildings during the dry- and wet-bed tsunami wave and needed to further
clarify in this study.

Table 2: Experiment of building testcases

. Building condition
Bed condition - -
Width, B (cm) | Height, H, (cm) | a (DEG)
Case 01 | Dry, 2= 0cm 10 30 90
Case 02 | Dry, hp=0cm 14 30 45
Case 03 | Wet, iy=5cm 10 30 90
Case 04 | Wet, iy=5cm 14 30 45
ol CASE 01: Dry-bed, o = 90° @ | CASE 02: Dry-bed, o = 45° (b)
[ Building
— ——t=1s——1t=2s
S 20l —— t=4s—— t=6s 1 ]
=
0 : : : i ! : : : : : : ; : :
CASE 03: Wet-bed, a = 90° CASE 04: Wet-bed, a = 45°
| © | e @ |
g 20+ 4 4
el
10+ 4 4
00 2‘0 4‘0 6‘0 86 1(‘)0 1éO 14‘10 0 26 4‘0 éO 8‘0 1(‘)0 120 11‘10
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Figure 4: Snapshots of the water surface variations for four Cases

3.3. Vertical run-up height on building

The information of vertical run-up height on the building is important information for estimate the impacts of
tsunami. The vertical run up heights, H,, which were measured by the video camera from four Cases, are
compared with the maximum wave profile H,,,, measured without the building for both a dry bed and a wet
bed (Figure 5). This ratio implies that the relatively maximum run-up height on the building compare to the
maximum wave height without the building. For the dry bed, the maximum run-up height on both & =90° and a
=45° cases show about 3 times higher the maximum wave height without the building. However, for the wet bed
cases, the larger initial impact by the run-up splash caused the run-up height is approximately 5 times compare

to the maximum wave height without the building during the Case 03 (Figure 5b). Overall, the run-up height on
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the a = 45° building are higher than on the o = 90° building case for the dry bed tests and lower for the wet bed

case.
—=— Without building (a) —=— Without building (b)
—=— With buiding, a. = 90° —=— With buiding, a. = 90°
61 —a— With buiding, o = 45° : 6F e Withbuiding, o = 45° ]
£
T 4f 1L 4 E
T T

N

VAN
A ./: e | I / \S'“\** 1

Time (s) Time (s)
Figure 5. Vertical run-up height (a) Case 01: Dry-bed, (b) Case 03: Wet-bed

3.4. Estimation of tsunami horizontal forces

During the tsunami wave impact, the horizontal force F, component is more dominant so the estimation if
tsunami horizontal forces is needed to ensure the survival of building during the extreme event. The estimation
of the horizontal force produced by a flow against a structure can be predicted using the method proposed by
Morison et al. [1950]. This Morison formula was taking into account a hydrodynamic component (or drag
component) and an inertia component. However, the inertia component can be neglected due to the long periods

of tsunami wave. The equation of hydrodynamic component in the x direction is expressed as,
Fy = 5pCpB(hU?) ()

where p is the water density, B the building width, / the flow height and U the wave front celerity, Cp is drag
coefficient depending on the obstacle geometry and on the flow conditions.

According to Blevin [1984] the values of drag coefficient Cj, for 45-angled and 90-angled cube equals to
0.80 and 1.15, respectively. Wuthrich et al. [2017] proposed a similar formula but using the difference resistance
coefficient Cy instead of drag coefficient Cp to consider to the hydrostatic pressure difference between the
back and front of the building. However, he used the measured wave height without the structure and
depth-averaged current velocity for the calibration and the best agreement obtained as Cr = 2 with his
experiments. For our preliminary analysis of the tsunami horizontal forces in this study, we utilize the traditional
Morison formula for the calculation. The comparison results of horizontal forces, F,, for the dry bed (Case 01)
and wet bed (Case 03) are shown in Figure 6. The red-line is a time evolution of the horizontal force without the
presence of building which used the wave height measured from the water gauge; the blue line is the force acting
on surface of building which has a = 90° to the incoming waves; and finally the pink line is the force on building
as o = 45°.

In general, the horizontal tsunami induced forces in the wet-bed cases are larger compared to the dry bed
tsunami cases. It is obviously that the calculated horizontal forces by the wave run-up height on the building are
much higher than in case of without the presence of building. During the dry bed tsunami tests, the horizontal

force on the rotating building (o = 45°) was higher than in the test when the building is directly faced to the
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incoming tsunami waves (o = 90°). However, there was a distinguish difference for the wet bed cases. The
maximum of horizontal force was associated with the maximum of splash height at the initial stage when
tsunami wave impacted to the building during the case of building angle o = 90°. Whereas, a similar the splash

mechanism was not obtained as the building rotated 45° to the income wave direction (Figure 6b)
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Figure 6. Tsunami horizontal forces (a) Case 01: Dry-bed, (b) Case 03: Wet-bed

4. Conclusions

A series of laboratorial experiments on the building relative angle against tsunami waves were conducted. The
building conditions are tested with both dry bed and wet bed conditions. The propagating wave on a dry bed can
represent for the first incoming tsunami wave, whereas a wet bed tsunami may represent any following
inundation wave. The results from this study indicate that although the hydraulic head, Ah, is set the same for
both dry and wet bed conditions but the wave height at the measurement points are not the same. The wave
height in the wet bed condition is always larger compared to the dry bed cases. To access the tsunami impacted
forces on the building, this study assumed to use the wave front celerity and water level as inputs conditions. The
results have shown that the building relative angle against tsunami waves can help to reduce the force on the
building during the wet bed tsunami. However, a further detailed measurement of the run-up height, velocity
field and force measurement in front of building are needed for more reliable estimation of tsunami induced

forces on the building.
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*Flood deposits recorded around the Narusawa River, Tsugaru Peninsula by Junki Kaji,
Rina Okada, Koji Umeda, Masataka Ishida, Miki Uchidate, Takanobu Kamataki



44

K1 FAEAEX
A 2R, B R—U > ZHEHI R,
A, B & H1Z Google Earth & . i 1~9 [ XA O 7 A HR.

8. A=V v 7 a7 DEHBIE L RIKEMSEBIL - KLEST



45

ZOHBITRI) OB ERMIZH D, Jek - AE L MEAHEEL TR, £21n<
DPOWEREEEN TS, AHIED (2018) TIX, FRVIKIEE o 72283810 72 A < R A3 FE
ETHZLETHERENZEEZOND 2HDOA X2 MERY (E1 BB XU E2E) 23 LT
Wh, TIZTIE, A8 EFIC, KA EE 2 biLD E2BOBHORE AR S,

& #4458 (T.P.1.2m)
-0

0.5

-
>
=
=

E

. \“
5
¥
.

2 MR 8T T HHERTHIRM KR U N MR Q)E (E2) DB HE

W8 TIXMIEL R 2 SR 0.30m FRE T THPHE LS00, 200 FALIXIRE - ARE
L RBRHERE LT\, £72, BE 0.95~0.98m [ZIEE GO KILRBARED 5D, 4 HIF
2> (2018) @ E2 /@ (LT TIX@RBEMES) 1%, B 1.30~1.60m [ZWEB L OHEME vV |k
EWOHEBICHYT D, RE 1.31~1.34m OWE (-1 ) 1%, R % & A5 H ORI 22 HER
DHERTE, WL Tnd, MR CRAEORLBEENEESTHZ LR ENL, T 7T
VBB SO EOWMAE R T EBE X bND, K EALIIIB®REMA B L EENTEY
INBIEFHEOBMNCHENHER L b0 EZ DN D, BE 1.38~1.40m (@-2 J8) I3AME
SOV WEORENS D, EE 1.40~1.41m (D-3 J&) 1R ~ WIS 1 X5 73
HRPNE, VRFE 1.48~1.49m (@-4J8) 13RI YA XORE THh 5, HEE 1.51~1.53m (@-5
JE) ITAEBE TV b - BRI A XORE O HED, WRE 1.53~1.55m (@6 ) ITAME
L b &R~ RIS Y A A DB O BJERHERE L T\ D, 21 HD@-2 525 @-6 JBIZoOWn
T, BERICERIERNRO b b, £z, #iA8 8 OfFlcH -5/ E (2012) DA 3 (R
M) CHHI L7227 OEESIcL b L, SE0Q2~68 L F—faH LBz b sWEOFIC



46

WEEEMEEE AR L TV D, TNH DI LD, @-2~6 8 OHEFEERE L, WWEHREY DU v
NWEREMT D LD el EIREHREY OLKET 2 X o 7, Bty BHmIck k4 X
IMGTHY, T ORERSCHEERME 2o TWNEIEREZLND,

@-1 BEST -REFTR

3 RLEESIHT - MREITH

L], @-1 8 K O@-2~6 & OHEFEWIZ ST, ERBARSIELZE & RS 24T - 1=, 72 8,
KLEESHTIC OV TIL JAEA HEHA%® % —® HORIBA o L —H —[EH « BELECRLE 4



47

Hrasm@ (LA - 950) ZEA L7, K3 ITITREST ORI LOMBITEL R Lz, ©-1/EiX
K% 10 um, 200 pm, 1000 umiZ 3 DD E— 27 H L, BIKNEW, WY A ki DO MmEEREE T
X, BHREA - KLU T A - B - AEER 22L&, INLORFIEHEVMESNT
WV, @-2~6 BITRITE 10 um, 100 umiZ/NA E— X VR E—27 24T 5, HERHI3REA -
KILH T A« BEtEgEY - GEER Db, £72, @QBIZE TN B TORIEZH &2
T H7=, WP DAL ORI TR L 7o T &SP B2 HEE L 72 )1 & RERIC
KiFEIHT & MBI 54T o 72, = OFE R, W ERMITRZ 200l 2 = —F L7 — 7 24 L,
WIKNE L, WY A R 1L, MBS TWLAESHEAN b d, —7F, IR
10 um& 400 umiZ 2 DO E—27 24 L (100 mfHTlZ bbb P — 7 BNBO SN D), THWIKH
U, F2, HESATORWEESG - KIUA 7 2 - Y - GEah 2%< &, UEo
FERDD, WIS & @fE OHEREY LI LB Rl -0 572 0, E2 J@iddtK - ILEIC LD 1
v NHEREWI CH D AlREMEEZ RIB LT D,

4. A RV HRBEY OHBEN L BRER

A OPFETER LZa 7R E»S, @ XY EALOVREE 1.0m AT K LR E <2 K LK D
Ny FRERTE T, EPMA I L VR L7 KILT 7 2D k2 llE L7z & 25, B-Tm
(HEEIL- N7 7 NSRS D KIUAT T A2 L G ERHLN -T2, ZDOZ L
Do, THDOKLKER/N Y F 03K 1000 FRICHER L7 & B 2 5 &, E2 DA < MER
WNIZFNLENCIER SN b O LR TE 5,

F7, @1 L EBHEICHER L 7B OSMIlOE 3 LB L B 2 Hivd K% UCAERIE LT,
ERE X JAEA BURHIE & o % — Ol E Ry HrdE i 2 vy, B U7 FHE fiE o J&
A4 1T IntCal 13 O E#AR (Reimer et al., 2013) # W TIT -7, #gpLAKH I X 5
FRIZE D &, 25-241calAD (%9 1800~2000 “F#ij ; [FHEE 95.4%) 3 LU 44calBC-177calAD
( %) 1800~2000 #Fqij ; f5HHIE 92.6% ) LW HEEMZ, &I, BERIEA (2017) 1LV
OB DOE FOMHIEN K 2000 FHi L WV EMRELRRE SN TNDLZ D, QBOIBKIZE
L 7oK - A X M IR 2000 FERTLARRICR A LT O LR TE 5,

PN OIRIRIC B 7= 28 ARNNTTE KL TH 5, FEE 1600 4D KFRKUIEFR TIXIRIEAFEAE L
T ERERENTNDD, BHO~ 7 ~IEKITK 2000 FRTO S HHES K— L% L5 TEH)
ThHY, ARBRASCIKEEREDT 77 (Iwb, IwbT77) B"@Bdbnd, 26077
TROBE FEIFE Lol Lo 14C AERHIE TIE, £ 2000~2300 DA HE ST
% (fex R, 2001), WP OUKHEREY OHEBFR & LROERILDRFT O~ 7~ EKDE
RAEIFBD TEANTH D Z EnD, 2D O KIZ K » TEHALOILFE R T EE 3£,
IR RCER W EITEF L0 2720, I —v (EEH, JBH, k) sSEBLEZZ L
DHEETED, 5L, QBICEENDIKLAT T 2 LRI LR CaRibuodedigim) o)l
WIZEFENDKIUHT T A%kt bT 5720 EPMA IZ XA (0F0&ai772o7- 8 25, WD)
DH T AR T ORI FHRITEAN Th 72, 2D LB 2000 FEFT DA LD Kk
EENIHED T — R E2 BICEET 54 N FTH D HREEEILTRVESZ XD,



48

5. BbVIZ

IR T RO TR S iz 2 204 X Mg (E1JE, E28) O 55, MO
E2 JBIZB#E T 54 X2 MZOWTHRET L7z, Z O, #2000 ERiOHA LD~ 7 < XIZ
PES TN K DK - IREHEREY T H D TREIE A FRIE L=, 4 %I1%, B2 BOHREYICE £
NDRBR T ORIE A R ET 5720, WK THRILE Iwb, Iwb7 77 0KILT T A
O EITR D ZENMELR S, WFRICL TS, WEDKIIEKICHE S K, DEHERE
VOFFREFNIENI T H DN b, Bk - WROBELD BAHRIY e XX EHIER
MREREEZEZ D,

B B

AWFZEITIE, BHEges (Earse (C), 17K01321) (%3 : gmE2e(E) ML=, 5%
L8R 7 RATBH Y O 7 2 121, BIMIFAES TR IC R o72, 2 2128 L TR BT R
Mo EEFELET,

51 F SR
%ﬁ#%@-mm#:HK’“E#%%E%%%E@?7?@E%$@W —K20-TiOz 4T &
57 7 ZTikpl—, WEGRERY, ¥ 57 &, & 1/8 i, 239-258, 2006

@%E&D::%ﬁﬁ,&NL BT L —F ¢ 7% LT KR O kI,

HFLFEEEE 559, 597-613 1982.

£ R - BREFE(E - NEEEAD - IS IR - [ B - SIAHOEE - fiE VS E] - RIS - IET
BT DA Xy SRS, BAb i SE R SRR SE, 54, EFETR, 2018.

ANEPRRAD « T - MR A - B ORI R KL AD915 WK D T N LS AT LT
PP O HEFE PR EE ~ D 5288, 5 IUALFSE, 51-6, 317-330 2012.

RER TS - MEHTE A - S AT - NEEA - HRIREB 7 WA B D A v M HEREY B
W ERE, 7-13 2017.

AN TELN ¢ TR YR HI X oD T8 s e AR D I HERE I I B 2 U 4, 2012.

Pere RIE AR KILUORFIAEE) EEART > v VKN DMK O - i I
BA- D F9E, BN K7 RN JE AT FrE 2k RAFE B W5, B-1, 22-27 2001.

LT RART 777 —4

SR/ 1 1993 4 9 A 9 HARIN AL IEHERS A O = WROCTEHE & HEREAE G — 1 (8] UKL
TR S NI OB EL =y h— | HEHEGE, 100, 867-875 1994.

BME L RS WS L—T ¢ 7T - BB ISR DI R O R
HEREMEIE, HLIE D BREEMISE, 108-115 1985.



54 2018 49

HEEE, TSR 54 X MERY

AARTARZAEE T2AHS [ ERZS - SRIAWIE - HE T ]
AR EHFAIEE S 7 — SREERE
RERFELEN AEFE - ST

I. IXL®IZ

ZERE IR AT X 0 MU R 2R R A o — S TR IS R S U2 HERE M & R L T A
YN LN D, 09 HEEHEREMIE, B E TR0 BURAE LI KRS X o THRIESOI
DIPRRHEENRE S, TN OBOGHT~EM S CHHER L2 b OORRE ERIhTWD
(B2, EH, 2012), HEHERED O S AARAESCHERIEIZ & > TYRFO I E M 7RI /KHIPAR
FEARIENHA LN IND A, 20 OFRITRROME « B Y — RFBICKM TX 5, K
AbHTT O H AR =TI, SiEEIED (2015, 2017) (IBKHIRICONEHICBWT, 13~14 fHfdZn L
ZNLEOHRERIC LD 60 L HEE SN DU 2 WE L T\ D, £/, BARE LT GREE
23, 2015) R°JVIEH] (BFEIE7y, 2016) HARWE » AT, FLAm)lldi (B 1Z2N, 2017 ; EIREH%E
FER AL, 2017) ORI BWTH RO A X2 MR BAHRE SN TV D, BH OIE, HiR
TR DI EOEEIRKFEHSZ OBIEAZ B b0 572018, By IR0 L0 L5k 25
kmlZAZE T2 HAVIEITHA 2 (£ L O B) ICBW TNV T 4 VAR T A Y — (HHIEH, 2002)
\Z R DU O EZAT o 72, 7ok, AWFRIZIIT DA MR Y, EiliE)s (1987) 12X - 7T 1983
B AR IR & D HIHERE ) O FeEIM T Do = (RIS - BIE) odbEICBE T 545
AT, BIFEMREHEASIE (2017) 12X 5 IS13 FLOMAN LV L FEIThiE Y 5,

2. PREHIERE K ORE S

A M T & D TFTRTH A Zofald, BAMEIZI - CRALICHE N D i) O 5% DR HN AL & 5
%o ZOMRHITIE, HERIZIR o CRIALICIE O D /NI HSELE L, VKB Cd 5+ ZiiliciEn T %,
SN O JERDZITAE B 1.0~1.6m DRI A - TN D 728, HHE S TBAE LTZBRICED 0272 <,
T & OWEERIE AL D HEBHEANAE L 2 EHETE D, A=V 7R A » MIBE» LT
T 12 2FTCH Y, NN 25 AR 2> THI 250m S O FHERZERIZ W T X B L3k
222> TR 20mDRERTH D, A, NoT A4 VFATA P —% VT 10 cm, & 200 cofi
DT vy 77V ERN TR U, SR MR e B X 2 HHE LR L O ED -
JTole, Ay FIZLoTINGDO—HERELTHONYT A VAATA V=2 HIAAT, B
JE0.5~2.0mHERI L7 a7 1x, JERBIEE - Golk, WYEHERY OMRETBIZE - KT 7R & & FE
L7ze 7235, RLEESHTICIZIE SIAFJE B R 1k N B AR ) iFJE B S B A SRR B 2 o 2 —
HORIBA o> L —4F—[Ef « HELCRIEE M@ (LA - 950) ZfEH L7z,

*Event deposits recorded the Lake Jusanko, Tsugaru Peninsula by Rina Okada, Junki Kaji, Koji Umeda,
Takanobu Kamataki, Masataka Ishida, Miki Uchidate
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V7 MR OMAIICEBWTEEL WS, BEICEELZEEOERBITE SCESH %S Z &
DATRETE DS, W SCEO M T —HOEE OFWARIE L T 5 AR, HCEOREN H W
B ECTCIhoEN RV H D, —F, HBERICHRTEI TV D i E ORI T dH 5 dtik
Wl o, HEOBEZES Z & THXEOFRITI A AR AR TFIED b EE R E O R
EARTIZENARELRY, 20X RFRITEI G CHLIFEELZ B RbnTkY, JIlE
Er (2017) RS (2017) REFELVW L Ea—mXbHRENA TS, LarLAans, M
BN EIIC B 2R ERBIZEZRELS Do TOHRWIRBLICH 5,

T TH A T ORI LB & 22 DM A TR, B AR EHLER O H R K HE
WA & T AL AL A AR IS 1T 5 I HUE - R ORI OFE L ED T\ D, ARBFEDOFH
A kf G ek ¢ & 2\ WEMT IS v H B o P AR ) TRT 1183 o P FE AR HE C U, 8ikBEIE D (2016) X0
EIEIED (2017) 12X o T 13~15 AR S Nz L HEE S D A v NHEREY (B 21,
Eilg, 1988 22 L) BEESINTVDA, FEZOBMERIIEE STV, RiHSCTHE
Z OFHAHIR CHEM LSRR — U o TRRAEND, ERA XY NHERE RS EE IS L o TR S
NI FREMED @V &l L= CLLNICHE 35,

2. REHBE L CREFE

A HIR D E N2 B 72 o TIE, 1983 4F H AYE HE MU CHEE DR KHEE % 52 1 72 Hulg oo v )
5, ZEhERE, MXSERHL CEEKOMERIEA M L, SHMERE N a7 7—2H0n
THEATRAE T o7, ZORE, HRIALEB R ISAE T 5 IR I A2 AL 547 421 o
] O AT S 28 2 PhAR K - O A S TR — U o A 2 i L7z (K1), KA RS o s
1% 2.5~3m BT, iR & ORIT 5~10m O mAFEIET D728, ARFAEHSIIEEMIC L 55
WORBTRZIEROE M Lz, —J7, 2 RN AT 2 D728, AR R

* A study of tsunami deposits on the tsunami inundated area of the 1983 Japan Sea earthquake, Happo Town,
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*  Erosion mechanism of Ba Lang Beach located in Nha Trang, Central Vietnam, Hitoshi Tanaka, Nguyen Xuan Tinh, Nguyen Trung Viet, Yuta
Mitobe and Nguyen Thai Binh
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IR LT R O/ 2 Cib .
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Before road construction

MNew nourished shoreline
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AFRSLZISNTIIA M AHFERO/NT AR DA ORPIEH OB DUV TRat a1 T - 72,
B TR T — D300 Tl s, TTRROTHHZIRIZBET Dt 2 £ 0 BREHRO RS 245 Z &8
Hiskiz, A, FEITIACOWT LV EEIG 21T TETH 5.

BT | AHZEAAT D IR L C, "Investigate morphodynamical processes and propose applied solutions to recreate and
upgrade the Nha Trang coast, Khanh Hoa province in the context of climate change" (2% : Thuy Loi A% Nguyen Trung
Viet #Ed%) OMiBhE= -, Z ISRt U 2 Dt 2545,

SEXH

1) M {= - Nguyen Trung Viet + Vo Cong Hoang * Duy Dinh Van: H1EE~ R J-L « 7 7 ZA YR ZIST DUTAE
DRIPUZE, TARFEGRSCE B3 (BT |, 71(2), pp.l_449-1 454,2015.

2)  =JMAA « Tran Minh Thanh + Vo Cong Hoang * Nguyen Trung Viet - R {2 E 74 EF=4V 71215
N RFL - = Ty UMHREICIRT DT VT, TR SRR CE B3 (IEBHES) |, 71(2), ppl 413-1 418,
2015.

3) Nguyen Trong Hiep - HIH' {= » =4k -+ Vo Cong Hoang + Tran Minh Thanh - Nguyen Trung Viet: X k-
Ly BT ANAOIRR &SRR & OBLE, TAYSRUE B2 (715 |, Vol.72, No.2, pp._1663-
1 1668,2016.

4) M {7, DinhVanDuy, =& A, NguyenQuang Duc Anh, Nguyen Trung Viet, Nguyen Ngoc The: =
LHHR Y 7w NI DEMEDIERD & HRMIEE, TASEmEE Bl OKI2E) |, Vol.74,No.1,2018. (Ff)
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MR 7R K BRBE 2 Fi0 11T, SR ORFZEIZAE) b K& W & D MR R A R ok T 5,
FIZBRIR DT TR, 2 O OEKBUAFTET DM iR £ 6 D AN B 72 2R
WLV SN2 B RBEFLEE TH L7120, RKIHTOEWAEEGIERTHDL I L%

Vo LINLZARNRD ZO XD 2, KEDHERISBEMFAKEDREIZLY,

BREENEAL L7231
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WS D50, WU EESCEREEOMAEIS, KEEN MR EZERT I ENEETHDLEEZD
NTEY, TELL OENMTOI TS, T 2 TAIFFE T, EOEKATH D ERIKED+

SRR L LT IREARHT IS OV TGRS L7,

2. BFFERGHiRk

AT I E AR IRACTE IO 9 5 -+ =i & AFFEx 52
g &3 %, +ZWNEE AR TR & 2 FilskinfE 18.06
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B A 2 B8 KT D HIRAT DK, +=ovok
REEZ AT 5, =i~ OWmAINE, EA), (LE
N, BEMNERH D0, BERNNNEHEKERED 78% %
b5, FlH=ilix v~ MU IoAFEME LTHH
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FOWRBERITRFNCRELSLHFHL, Y~ U Inif
EEOWRD BRI TN,

*Analysis of salinity flow in a shallow brackish lake by Mika Tanaka, Makoto Umeda, Hitoshi Tanaka

and Tetsuya Shintani
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3. fRATE

TRENRNTIE, B 5(2009)72 E12 X 0 B S 8RBE IR Y R = L — & — Fantom3D Z# %,
KE AL, SO A L EE RN, BXOAN T —OKiR, 5y, SLITRHE ) Oy
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JIT, ¢pHESBIOUKIE, SLIEOA S T —8, K EERE, SAERHETH D,
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EERWT, HELZBERL TS,
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+ =IO L, [ LA DY 2012 4FRIZ 340 L 7o R b SR A VO CTERR L 72,

FHEXEROKI « KRGMFIL, 2008 (FOHEFE Lz, i, BEFEAICCNE S, 2000250,
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572D Th D, KRB THM LIoKIEED 9 b, WIAKALE L OV CEARD 726 O &RER I
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)
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KHE DSy « KIBOFREFER &, 2008 FEEZFOE )y - KIBOBIFE 2 ThENX 4 L1512
i U= (X4, [X5), bl 7o i3y, KIEOBEAA /NG 5(2009) TiThoi/z SHIATH 5,
TRbbX 1 IRLE, ZREN A S GER—2.2m), B HUSAEEE —0.5m), C HAdEE —0.5m),
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HaseHEASBIHNE & el LT h RIFIS/NE < 2o TV B, AFHEGETIE, AP AL S OHEKTKAD
BERGME LT, @ oMEIC Ly, K77 v 7 2% 522 KBRS T0b, EO72HHEK
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7. BEIR
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KL, 28 53 %%, 2009422 H,

MERAE, HSP, NERRERT, fex RBRK -+ =Wdi) 280 & AR R O L BN 5 8Ll
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N RFLARE - 7T FAMWRFITRIT DREBOILRIZOVWT

WAL RFTHE BRI E1T

FALRFER BT LEATSER Dinh Van DUY

FALR PR TR |ef =

Thuylei University NguyenTrung Viet
1. I

AN AFEICALE T S Thu Bon (Y —AR ) JIN OO Cua Dai (7 7 % A) W+

ICB W TR 2R B SR S, 22 10 OIS 160m b O RO %R A
HNTWD, ZNERICFERIED ) Y — N —FTh D7 7 XA W, TERT VR
DOUWEKIBIEN oD Y, A0 —F Y Y — e T 58RI RE T A —
UPRELTWD, — 5T, WEARECTECERERRLALY, BT S (2016) 1ZZ0 X
O IR BERHED LA TOIEPMEZ R AR T 7 2 OIERPEIC L 5 b D7E &R L T
WD, E72, 7T XA AL OITHRITFICZEH LI U 2 7 L 2 B2 H LT D
ZIT, TNABRICET 2T T4 BTN TOETIVERDN KD Sz (Duy 5, 2016) .
AWFFETIE, Landsat > OAELNTHMETE L LT, VI ETMIKDB 7T XA
MR DR IR OBB 2RSS,

a

2. BRFExi g N e
7T H AW OMEE K-, 7T WﬁéE gm? i
- Pacific Ocean G

XA WEFEIE b J A QuangNam (7 7 >
L) BDOHoiAn (KA T 2) HHIZEL,
V=R BTN T DRI AL E LT
Do YR ORI AE R 135K 204km
TH Y, W HANHK 33km THEAE STV
DU —F— Il b A bt 7 i I R
10,350km> TH 5, 75K 30km His
DY A N AR DEFEEHET
327m/s Th D,
AWFIEO R GHIIE T, FRIZUE AR O R
WBETHD 7 T XA WA ST
J7~ 7500m £ TOXETH 5,
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gkl 7
*

/ \
{ camsoom |

Sunrise Hoi An
Beach Resort our })
Ihaitans

Proompern s
b

-1 WFTEkS Gtk

* Expansion of erosion area on Cua Dai Beach, Central Vietnam, by Takuyuki Hasegawa, Dinh Van Duy, Hitoshi
Tanaka and Nguyen Trung Viet
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3. WG
-2 O X 9 72 HEE R (x, p)IWSRBWTOW AT V¥ OFRERBREZ R U 5, Ty 2 T3
THEDOETNATHILILUFITRENDIRW)DOY T A T IVOMMNE (Larson et al.,

1987) =M\ 5
qo |t * ae q I | [x]
y@0=§wme (et) — 10 f[ (1)

ZIT, yATHMLE, xdi HEBICFE R Z2 R T D ACKERE, 7 V2 BRI, qo: AT IRERE Y 72
D OWF AL DY RV E, D = De + Dy (D¢ : BEIRFRKE, Dp: N—A@S) |, ek
B, erfoRifZB M CH D, LT AHTI1990 47 D Landsat B & UV T A L ET VDL
BN DI bRREN DN E et = 2.3 X 107m2 iz S D &> T D (Duy 5, 2016),

ITZIT, W3R TEIIqeRNE L Z =T LD ERET D, T7hbb, t =41
BT THY qo il DUV TR DRI & 5 & T74UE, XN CTH D 2 & BRI
RQ) & 72D ZERyND,

g [t -2 qo Il Ix| Qo [t " /peco—ry _ 9o x| lx|
yxt) =7 [—e [aer — %0 Do eTfC o= R(FO —le et tl)—g"z—gerfc 2)

TE TE 2/ e(t—tq)

BRSO — R IS O EA~OME T &I O N> TE LT, e& R OfE%
72 21990 4ELARE DI THZEAIZ 31T 2 FEINME & BRI O Ll 24T 9 .

FHIT— & & L Cid Landsat 7> 515 S0 2 THVE R FIVW 2, 8l B 21T - 721412
BRI L0 KBERR A i L7z,

q0
R-qo{

0 X t,

2 RO X3 qo P2k

4. UL BT INOMNR L FZRME O g

2010 4, 2005 4F & 1990 FEDITHRZAAIZ IV T O ERNE & B IEORS R %2 L TR, 72
B, 2015 44 L DO HAT - 7o K OFLA ARG RITFEHE L 72w,

BUZ IV T x Bl 1 25 OREEEZ R,y BlE 1990 F D JZRIfE & DITHZEL 2 KT,
e =140m%s, 180m?%s, 210m%s, DZIEIUIZEBWT R=0, 2,0, 4,0, 6,0, 8,0, 1,0 DEZEAK
AL, b2 RHIE & e Lz,
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INHEOREREN LMD K DI, WA CIXEGRME & R L CRIEDOIE ) B LR
BN X300 5, ZIUK OfITICE RS R S 5 7 MR e R H o
MHThDH, —IFTH-6, K-8, X-9 1505 L 9 IZ x=1500m 2> 5 x=-3000m DHEiFH TIE
LR R A T 2 Z ENTETCWD Ebnd, Yy IA BT VONEE VS
LT, WEROFEBRNARETH DL LD, Fio, ROMHBRELRDITE, 2F 0 #is
T EDDIRNE EERNEIZES < 2 &b,

5. BbhIT
AWFIETIR T v T A BTN OMMTRZ T2 F20E & BRI O S 21T o T2, A1, #
72 & DR R N LI AT 24T 5 BN S 5,

BE IR

Dinh Van Duy, H™T {2, =K, Vo CongHoang, Nguyen Trung Viet: “X hF A « 77
FA WIS T DI H TV Z TR & T ORI D08, RS B2
(S T5), Vol.72, No.2, pp.l 1657 -1 1662, 2016

H9 {=, VoCongHoang, Nguyen Trung Viet, Dinh Van Duy: X K AHE Y 7 &A1 i IC
TR S AL AT 7 2 & KRB R R & OB, TARFRGRE KT, Vol.72,
No4, pp.I 361-1 366, 2016.

Larson, M., Hanson, H. and Kraus, N. C.: Analytical solutions of the one-line model of shoreline
change, Technical Report CERC-87-15, U.S. Army Engineer Waterways Experiment Station,
1987.
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1. XL®IZ

S BIER & IBREER H Y, Frx OHRZZ IO OREEZZ T TWA, FlIE, KEERO
ZL X LKIFELTND Z L0, # L OUIKFREIEREIC X D 2AKHEE DL 72 EOfIR T i
5, LinL, BHBEMEOKITSH 5 2 LK T, W& e TRIIERD 6 X b 7290, HE
DB D 2 OKEREERBENFET D 2 035 5, HAKEEHNH O—FK & L TR E DO
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o, £, KBHICEIT DBEEROFET, WKTOREBYE N M X8 Z R L, BKOEH
IEBECDZELH D, TOLI R EnD, Ikiho X 9 72RO KBRS 2 I EBY 5
ToOITIE, BE RS & EAUTBET DK DOFE BT OW T, FHICHYET 2 Z ENEETH 5,
T FE B S 1 T ORI I 1 B AR B O K R IMEH I B L CiE, TR0 DEk~
RN ST (B, HEE S, 2007), L2sL, /KIRAE L2 /KBRBEICIS1T 5 7B & i
TR E OIEB O BEIZ SOV TR LM 72 > TORWZ ERE W, £ 2 TARIFZE TIIKIR
FRIE U7 BRI 38 1 5 BN HE A 224 CHUBRARMT 21T - 72,

2. BT
2-1.0F5E %5

ARG CIE—ARIRI] - AL EJKRIBR) N % S i s+
WRBUN AL B D IRIR S A &2 Fuxt g & Uiz, JRIRZ A
BEKFRE - FEREF KSR KOG - KIFEENREE L
THER SN, RIFKERIX 1.43x108m3 H v, ERFEAN)INE
RO, Il KA DO =2>TH 5. X 1ITIHIRS 2D
ERAE TS, KM EEERIRRENK 3 & g/ s o

S\ E

Lhb0, BEOUAKORAEMIEKOEL LS L -
HTENDD, X1 xfZATKH
22 fRHT H i

TREMIENTIE, FTA 5 (2009)72 &2 LV Bl S BREERIA Y 2 = L — 4 — Fantom3D% 5,
Kl TR, 3ot L ER R, BL AL T —OkiR, IR O TETH
20, EETREAIIFHKEEUB L O T VR A7 ERE_ LD Lo TS, ZHIEENE
nA (1)~ G)E LTUTITRT,

*Hydrodynamic simulation in a stratified reservoir by Naito Yuta,Makoto Umeda
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du 6v+6w_0 1
ax Ay 0z )

2T, ou, v, wixENLENX , y, zHFMOWETH S, x, yHFOEHFENIIZNEN
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a2 T ay2 T o2
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<https://www.asahi.com/articles/ ASK7TSTRGK7TUBUBOIN.html> (2018 4= 1 A 22 H &)

2) 50— - Nguyen Trong Tu + H A= : HKRFOW ORSINAREE & = O RIEERE, 1R T %W
CEE, % 52 %%, pp.586-590, 2005

3) FLE - AAMIEE - HES)I IS R D 0T T A L ORI DT AR - TH 5 O R A BIAR,
Wi T CAE, 55 42 3%, pp.566-570, 1995
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7K I8 38 1 B HE K T

sEBERE I B
NFLERE xR BR
NFLERFE +XF MR

1. ¥#E

FKICIIEARKOM ENZTECHDRTETCHLEWCERTI2AEMOREN LDV #
HEZTDZ LD, FOKBISREIR & /e > TR Y . BRI TIEsME & NKO KM ZEITE
U AR, S8 E T TRy, HWAKIZWRICO ) EM~EAT D, HAKOBE 2K LT\ D
DOIFNERE & WRTH D, HWANEZETH ET200IWROM S & OEEEREIZ L 5,
TV DR E Z T TV A I DRSO O IR Tk A R-CIERIC LM E L2 0i FL7zh L
TEBOBRALN LEMI > T D, ABFZE TR, 7 HICE T 5 HEKO R TR R 5
kRSN LD LE LTHEAKDOM 4% Sasaki, Tanak and Umeda (2009,2012,2015)(Z X ¥ 7R

SN TWAHEMAFREA TR L THD,

2. HEAKROHB LR

JEGH KIS B T DK O B = 1Tk L W F S D (Sasaki, Tanak and Umeda, 2009) ) o

@+5(uc)+a(vc)+ﬁ(wc) =i Dxﬁ +i Dv@ +i DZ@ (1)
ot Ox oy oz ox ox) oy\ ~Jdy) 0Oz oz

TZIT, CIEBME TS AR LTEY, uv,w 3EEx, v, 2z HIMOBE, TR,
Dy, Dy, Duddx. y. z M OGELIRIEERE CH D, BT 2z a1, x ZIAFOF R & 5,
IDEE, WNEEAFTMORMEOEIT—FREEZDLENTES, 2956 LK (D)
T (2) X HrizEREND,

2o )2, 20) 2, 2) o
ot ox ox\ " ox) Oz oz

WE L, KIRESEF BTN DEIL, DEESNTEKEBOFOIHAEEZ D Z LI2T
Do WEIONSZFIZOKBEBNTIHSREFMOEENBETEDIETE/NSILRIEELET D,
ZOFF, HEILEkFZEBOKEFMOKENIZEWNT, X (2) 13X (3) &£725 (Sasaki,

* Estimation for intrusion of salt water in estuary by Kunugi Satoshi, Mikio Sasaki and Yuto Jyumonji
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Tanaka and Umeda, 2009) .

adc, dc, o dc,
—+u +q,=—D,, —
or o T o”x[ o é’xj

IS RAFRIFKEh OKOEZAREHENCHE Lk FAOKBLZE®RL TS, X
FEES D q ik FHOKBHNIZHAY TOHBHMEOETHY , BanEH Ll LItk
DACTZkBEOWRHL - KEHWLETH D,

CHLIREIT K FEH OKENOE S ER D, LBROEMES 2T 572 DICIRA Tk ITE
3

WE, kKEOWMHL - REH L q., BLOIEHEREDIIRD L o5 1cR S b (Sasaki,
Tanaka and Umeda, 2012&2015) .

de

=C
1 Ox

z

u

(4)

D, = Zx‘u‘ 5)

T2, G MR L BBORKRNLABETH DL, WE, i 2KE(6) O XD ICKE
Zb0ETHEE, AQEKR(MNBEIT (8) OLITRD,

u(x,t) =u(t) +u'(x,t) = u(?) (6)

WK OBGIIRA (7) [Tk REND,

2
@+u@—CZu@=1xuﬁ—j (7)
ot ox ox ox
NEFERF OB kA (8) IckvREIND,
oc oc A
—+(1+CHu—=1 8
o TFC =l ®

X (7)) BEIO (8) ofigl L Tififitd X QIERRHZH N TR () BLT(10) 2155,
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c= (C3 -C, ){l—exp(—a]gg)}+C] during backflow 9)
= (Cp—Cl)exp(—oczf)—kc1 during seaward flow (10)

22T, Ci, Cwm, Gy FIEESG O Od/IME, ¥ O KAE, WHEDs S NEFE~ DR RED

Boy. Flo. ar B aq i{i,a@fl:@m%{“(&;%’)o EHE IFROEDITERS N T

LEBTH D,

E= P fJudr/1, + pox /1, + X, 11, (1)

QD) eBWTEEK ¢ MAOHAE kX (12) IR TEIIC E=0ERD L5 LTW
%)o

£=0 when £<0 (12)

X (1D BT, B . BLEY By I IWICa, and a: ZIEOEHE T HEEDOTEHTH
b, TNHEEOEMBRITA (7)) BLO (9) . FIZ, (8) BLW® (10) LVLUTFDX
INZpoTWD, A (11) TR 2 X01IHHAHE R O M 5 7m/h®u% BfR 2Rt CH
50

WLl (9) 2K (7)) ATz ick vz 5E5,

ﬁ‘”‘(cs —-C)(=D)(—a))exp(—a, &) + &(u _
! /

(ﬂz

(13)

iz

)= (14

o

FoT, BHa Ik XSk D,
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A —%(HCZ)
a, =92 ° (15)
oy

4

s IEE (10) 230 8) ITAT L Z L2k W kK& 5,

ﬂ' Biue, — ) ay)expt- a2§)+ﬂ2 (14 Cou(C, —C)—aty) exp(~ar )
L L (16)
(ﬂ 221 u(C, — C)~ty)? exp(~ar)
Wiz,
Db SRR (ﬂ2> La, an
K oT, B a ik Loz 5,
S Pse)
=t (1)
(%)%

o

EE B BLEUB: (X a1 and o, ZIEOEETHEEOERTHDIN, KOLHICE-TER
A

B =1 B, =-2 (19)

K (15) BLY (18) 1TEH o and « DFOREHRE S 1. RAIEEE 1. B L O55EIK
FARERNORE L » WMUVVARREL C, LV HE SN D Z L1c2 50, B L BLOC, OfER
BB CIIRYN OO THREMEA LI & OEIC L Dy OIRARE L L TR
a1 and aZBRFTDHIENTE D, RFETITHEONRERNLRES 1,% 3600m & L TWVDHH
CHIIBTITEE L LT OBTE S In/s, i 3600s TIKE DA OREMRESLLTE
S TWAH,

3. WHDOTHI
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M1+ =oMnir< THEMEL-ESOBRMEN & 3HE LKA R L, ZOHED
IKEIZ126emBD V. X1 (a) (EWELH120em,  (b) 1X90em, (c¢) 1X30emD i SIZH T 58l

201548 827A~9H 158 «,=0.25,@,=05X,,=300. C, =335, C,=0
[ —8E — BEREDS120m) |

53 =R (psu)

8/97 RN B) 9/15

(a) S 120 emMisS . 27K h =126 cn

2015588128 ~8H2H @.=15 ¢.=1X..=100. C_=335, C,=0
[ — 8 — BIEED5900m) |

& (psu)

b hes

(b) HIEDS 90 emM S, 27K h =126 cm

2015578148 ~7H268 «,=3.0,@,=0.4X,,=300, C,=335. C,=0
—1EE —— SANEEED 50|

=)
x

i MR

o
E >
TH v
&, i
ﬁo 1 1 1 1

17.{14
(c) HIES 30 emMi A, 2/K¥HE h =126 cn

1 =Nk T 255 S BLN & BLGs o i
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TME &5 THME & ORIz 72> TV D, Z 22, B CIEARMOZ L LV RO 7 13T <
OFEVEREANTE Y, FEICE N THEe U (1) (ZEMREEZLE L LTWARY, £
DAREMESITHFE o, BEDY adl XML TWAIREHAEE LA IR Ko, BIW ax K
BT Z LI XV FEEHORERS BHHE SN TWDS, Sidnz, ERCHROE S, @GR
EHRIZE-> TV DILETH D, RIZE W TN B 60em® HSIZF 1T 281 & Bl O X
MEOEES BB L, K1 X0, WAOBITEMECR > TODBRHERITZ 08z B < B
TETCWH Lo Ths,

- 98- - 19-26  —— 12-19 ' B-12 Y s
150 l I

= Vi ! l \
= 4 =
“100 [ I i " :
| i ; | ‘ I;! ]
— ‘ 1 =
| m | -
i | | | A | | A
50 [ : | §

0

10 20 30 40
day (10 Jul. to 9 Aug.)

2 Sasaki, Tanaka & Umeda O BEFGIZ X 2 555 R 1EL 7347 O Tl
(201547H10H~8H9H)

X212 (9&10) 1L 2O FRIFERZ R Lz, RIZH OO oF TS (K1) o
B\oaElcho, HIMIZ7H12B~8H7TATHY, MLV 7H30HB»58H7HETIX
W HIEREADTIXEREDOH S L 725 TND T ERN b D,
4. B\HOTH

AKIFTNZEZ VLT Z ERH O E o T,

(1) Sasaki,Tanaka and Umeda @ BEFG#E T EGHI /KK CHIVTEHA FTRETH 5,

(2) MEWE « WH AR & PR IZ R,

(3) HEOEBOMON AL T PRNREE RS2 (BB 5 MR FE)) .
BEICER

[1] Mikio Sasaki, Tanaka H. and Umeda M. 2009. Theory on Salt Water Movement in River Mouth, Proc. 33th IAHR
Congress, Vancouver, Canada, 9-14 August, CD-ROM, D3 No5, pp.4158-4165.

[2] Mikio Sasaki, Tanaka H. and Umeda M. 2012. Prediction of Salt Water Movement in Iwaki River Mouth, Proc. 4th
International Conference of Estuary and Coast, 8-11" October, Hanoi, Vietnam, CD-ROM, pp.164-173.
Mikio Sasaki, Tanaka H. and Umeda M. 2015. Spatial-Temporal Fluctuation of Salinity in Lake Jusan, E-
proceedings of the 36" IAHR World Congress, The Hague, the Netherlands, CD-ROM, 28 June — 3 July, 2015, 9G
No4(Wednesday 1 July 2015).
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/IR KRB AR A
—H D IZ BT DA SR RE—

INFTERY 305 MR- xRk @R
PRAEEREY Th) A
LIZL®IC
AWFIE TIET AR IR O FEINALE T B/ 2 AR L TW A 1), AN R
VHHEFE 62.12km?2, 7K OFZE 1 2014 42 FHKALAY 0.291m & 72> TV 5, /NIIFEIIE A A
DM TIZ 11 FHOHBEHEMEZ A L TODFUKIMOR T 5 FH), HHRRTIHE, &K
O TH 5, Eiz, WARINILET)ICAEE) 72 £ 6 EENR)IT, W) X&) & 7o
TW%, AWNFEIRAOKED R 16 Hh B3R 26 FIZHT TRMICE(L L T b, KEE
LD & U THEASE 5 EOBINSe, RSN E O AR E 2 b TnDd, Lo, Hl~o
HKHE AN OV TR S < | R 28208 -
N5, 72T, KBETE, WICHBT DHkOW -3 s
LA VRKBREFEEZIH O NN T D 2 & 2k ‘

KEZRFZEEIE LTV D, SRR, 50, B NI
AT < (AT B A I 31T % LK St AT

BROOZT) 2 BB L 0 et L T 5, B -
TR 296 A 14 Bnb 11 H2TAETD6 %A K1 /NIFINLE
AT > 72,

285
BINTE ZROWMMEFE 1, HAOKRFEFE 2 Z#MWT, 201746 7 14 A
510 H3HE10H 16 A0S 11 H 27 BIZ»IT TITo 72,

uuuuu

TR A T2 M5 - ARG

2 (IR A R (X 2 AFD B ATICIZIE 2338 0 TV 5720 Z OO/ %
1T 270, BE 3 ITHIMHET & Bt ORREIR DL A2 R T, Fhdra EIBLI Ui TTT & ik
EEY e —TICEE LG & Rt 2 IR M e n — S8k S T A AT C
[ L 7= (5-HE 3), 3IFEHIHS OFEMTH Y . St17(a)lE 6/14~10/3 £TT, St.17(b)iE

“Investigation on brackish water environment of Lake Ogawara -Brine behavioral
characteristics in lake mouth- by Yuto Jumonji, Mikio Sasaki and Satosi Kunugi
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10/16~11/27 £ TiT o 7=, BUAHLSAS 2 25FT 722 O35y /KIEF OB R R RR E O EIC K

DB LEE L 720 | B 2 23T L 72
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4 BEXOK 51T 614~103 B LW
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EEBERLTWD, FRIAGREFHE St.17(a) DArE
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10/16~11/27 £ TiE 1.3m OF & CEMETT72-
7o HE4rEHT St.17(a) DALIE T 6/14~8/2 12 0.5m,
0.8m. 1.5m TIT->727%, 0.5m & 1.5m |THEMR D
BERTEIZLY | BT — 2 2 RDHBEICL
TLEWIOATAE Y DD ENT72 0 EHIH
DT —F PRI >T2, St.17(a) TiE 8/2~10/3
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2.Im TSRO EER->TLENT—X & &
5 kRN T2, St17.(b) T 10/16~11/27
121X 0.4m, 0.7m, 1.3m, 1.7m, 2.Im D& S TIT
D723, 1.7m TIHEHE O RIE Z BHAGRITNC R T L
TLEWT =X E2HL ERHERN- T,
0.7m [ FEFHALE P CEMATN T L EW 11/ F
TOT—HZ Lkt Tnen,

6 [ZBUR 24T > 7= B3 AT O R & Pl oo

2 NIEIIC 331 2 BURINT &

BH 3 FHUEREOHKT

3 Bl

WriE X T, No.76 ™-3.1m fHiT(X 6 * AFI)E No.78 D-2.4m FIT(X 6 HreFl) (A H A
St.17(a)F & OV SLITNIITWRFAT & 72 > T 5, I8 DHINGA No.76 CTIEME 1450m, X 512
WAl O Wi No.78 “CliE 1620m & 72> TH Y | @) | HRTE (130~260m)I 2t~ A < 722> T
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xxxxxx
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(1) St.17(a)lZF 1T 2 iR DB
X 7 (CBUAE & F R AR Lz, 22, BHEMEIERA L vk T B,

v=c”hgm (IEHE)  Cps = 0.1 1
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BT 5 VR OFEEO RIS AR & 7o T,

(2) St.17(MNZF 1T % s DL
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X 13 12 10/3~11/27 F TO/NINFEIAOW O T St.17(b)iZ 31T DAY & i D FHE % 7~
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5O, FFIZE (e LV, 10/16~11/27 TiE,
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13 BEOE 140N AT K S ICHRARAE L TS EABRA LR E R H 503,
A TOHFRIEERIIE P E < R ORVDITTHNGIHNE T 6 Fr &R (K 15), ik
AT THMN E THANE  BNCIERARBEE L TR TLEI NLTH D, WHE
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F UTFOZ e gnol,

(1) ARALES KON AZKAL K 0 i A AREO RGO TRIATE 2 K 5 i/ o 7z,

) TRBIHESEENES HTWEN EETIHEVEE 2> T 5,

(3) HEARENFL 2o TVDE ZAIZRIG LTV H 523, st L TRy
EARH D, EEADT TIERIVUCEE I R WK OB 2355 L5 Th D,

BE IR

FOCFRERS e AR, BhIAL(2017)  ANIEUVAOKBR BE RS . SRAL g S E R A 2056
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ZWRHFE: 2017 FHTE LB R+
ANFTERE BT Kk, ek BX
1. XTBI

SRR T, SRIAEDIE R O @R LOE, 2 ol Iz W TRAENERICE AL T
oo ZRMEFORABEHEVREZETEOOMKE LT~y FTV FTIESHWLR TN D
~y K7 v RLJED O A2 EHICRET 2 2 & ©, HEAB oMM 2 e T,
DOHIEETORHEEZ A ST H T ENTE D, ERFERIZ, ~y FT v FLIEOZR % iR
THZENAREL 2 DD, RIFFETIL, 201744 A5 20184 1 H £ TOITHIE 2T~ D

W2 L0 M OEEREEZB S L TH D,

2. HHEH

BUNX, GPS, /INERY o v & — K ORI
LT BI~BI3HL X (14km) ZITHIZH
S THE, ITHMLEZ 20174 4 A5 2018 4F
1 HEMSGHME LTAIC 1 EOBIETHE L
Too REBEMIC LV BUNE B IXA L Shiz
BRPBUORA TRIOBITER TS, TH1

WCITHRAEE ZJE L CnWbH E 2 A& R LT,
TTHRALE O T8 VX A3 8 O R 12 0 T MR A
F VBN —ERBERIB LI L ZAEITHIC
AT > TBEB LAE L T D, FRIR B 1 THER 20174648 24 H
U724 A 24 HIZREANZ 15SmBR L2 A%

BEL, FERTRICEDOITHRILEICHIEL
TWD, £ 1 IZAFEOBIH K L ORM., {THREEMEZ R LD TH D, BUANTEAN
RN T, MOBLRVWRAICERT L Z LE2FAIE L, RICHD LB EROLE N B ICHELH
TR ol Ab oo, BMERENEZIT/R-oT-,

3. ZREBRCEBILIREXKLEEOIN

SRWE T ZRBEOIMNICE W T, MRERAXKRTE LTy R NLO/ER D HE
DHATEY, 20164 3 ARFATR LIZRT & 912 13 26 12 L35 U 52 200m

* Characteristics of shoreline in Misawa coast in 2017 by Masaru Shimashita and Mikio Sasaki
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River delta formation in response to the effect of boundaries located at a
distance from the river mouth

Dinh Van Duy’, Hitoshi Tanaka’, Yuta Mitobe®, and Nguyen Trung Viet*

Abstract: A comparison has been

made between two analytical solutions ¢waves

of Larson et al. (1987) and Tanaka et al. 4%

(2017) to observe the effect of the -00 ’ 4 < +00
0

boundary to the formation process of a
river delta.  Measured shoreline Figure 1. Schematic diagram of infinite delta shorelines
positions at Funatsu River delta in Lake (Larson et al., 1987).

Inawashiro between 1982 and 2015
were also used to validate the analytical
solution of Tanaka et al. (2017).

boundary boundary

1. Introduction
- L 0 L |

The river deltas have been e

Figure 2. Schematic diagram of infinite delta shorelines
(Tanaka et al., 2017).

recognized as natural resources for the
activities of human beings (Refaat,
1990). However, substantial changes of river delta coastlines have been reported globally in the recent
years (Uda, 2010; Viet et al., 2015; Ali and Elmagd, 2016; Fan et al., 2018). Therefore, studying the
evolution of delta coastlines is crucial since it provides essential information for understanding the
coastal response to many complex processes (Jones et al., 2009).

Coastal scientists and engineers have long sought a robust and practical methodology for the
prediction of shoreline change along sandy beaches (Davidson et al., 2013). In which, the
conservation-of-sand-volume approach, also known as the one-line approach, has remained the preferred
model for simulating long-term shoreline evolution (Thomas and Frey, 2013). Since the first
mathematical model of Pelnard Considere (1956), numerous models have been developed with various
approaches and approximations.

In order to rapidly and economically estimate the formation process of the river delta shorelines
owing to river-borne sediment (g,), Larson et al. (1987) introduced an analytical solution derived from a
simplified equation of one-line model. This analytical solution is applicable for infinite river delta
shorelines (Figure 1). In which, x is the alongshore distance and y is the offshore distance. In reality,
however, a delta shoreline is always limited in an extent between the river mouth and a boundary (e.g.,

coastal structures, headlands). Therefore, Tanaka et al. (2017) provided another analytical solution which

! Graduate student, Department of Civil Engineering, Tohoku University, 6-6-06 Aoba, Sendai, Japan,
980-8579

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

* Lecturer, Department of Civil and Environmental Engineering, Tohoku Gakuin University, 13-1, Chuo 1,
Tagajo City, Miyagi, Japan, 985-8537

4 Associate Professor, Thuyloei University, 175 Tay Son, Dong Da, Hanoi, Vietnam
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is useful for studying the formation processes of river deltas with finite shorelines as shown in Figure 2.
In which, y¢ is the maximum shoreline position determined as a distance between the x-axis and the
delta’s tip, L is the length of the delta shoreline.

Although experimental data was used to validate the analytical solution of Tanaka et al. (2017), there
is no application of this solution to a specific study area. In order test the applicability of the solution
provided by Tanaka et al. (2017), this study will utilize measured data at Funatsu River delta in Lake
Inawashiro. Before validating, a theoretical discussion will be made to observe the characteristic change
of delta shorelines in response to the effect of a boundary located at the distance L from the river mouth.
2. Study area and data collection

This study will take Funatsu River delta in Lake Inawashiro as a case study. An outline of Lake
Inawashiro is shown in Figure 3. As can be seen from Figure 3, shoreline on the left of Funatsu River
mouth is finite due to the existence of a pier. Therefore, this shoreline is suitable for applying the solution
of Tanaka et al. (2017). In addition, a photo taken in the field trip on Nov 10, 2017 clearly shows the effect
of the boundary to shoreline orientation. In which, the shoreline is almost a straight line near the boundary.

A series of aerial and satellite images from 1982 to 2015 in Funatsu River delta will be used for the

analysis. All the images are rectified to a same coordinate system.

Nagase ~ -
River Sep 28,2014

Lake Inawashiro

—z

100 m

Nov 10, 2017

Figure 3. The outline of Lake Inawashiro and effect of the boundary on the left shoreline at

Funatsu River mouth.
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3. Results and discussion
3.1. Analytical solution for the formation processes of finite river delta shorelines
The development process of a river delta bounded by two structures (Figure 2) was discussed using
the approach of the one-line model with the simplified governing equation (Larson et al., 1987):
b2y ()
Here ¢ is the time, ¢ s the diffusion coefficient.
With reference to the solution for heat conduction provided by Myers (1971), Tanaka et al. (2017),

derived a new analytical solution of finite shoreline change based on Eq. (1) as:

2

2

2 e*l’lzﬂ'z[*
2 > 2

cos(n;zx* ) )
n=l1 n

1

y* —|x*|+—+t*—
3

In which, the dimensionless representations of the shoreline position y, alongshore distance x, and time ¢

are as follows.

=22 3)
9o

o )

= 5)

In order to make a comparison, the analytical solution provided by Larson et al. (1987) is also
transformed into the dimensionless form using the dimensionless quantities in Egs. (3), (4), and (5).

*

X

y* = 2\/267(' At] - x*erfc[z\/?] (6)

Here, erfc is the complementary error function. 1.2 I I
—Eq. (2)
-~ -Eq.(0) |

Figure 4 shows the shoreline positions plotted using Eqgs. (2) 1

and (6). Since the solution is symmetric with respect to the
y-axis, the solution for only one side of the symmetry line is
displayed. As can be seen from the figure, when the Y ?J.G P
dimensionless time #* is smaller than 0.1, Egs. (2) and (6) are 04
perfectly consistent. Around #*=0.2, a difference starts to appear

at the right end boundary. However, there is no difference at the

river mouth. Thereafter, the difference between the two
solutions has expanded, and the influence of the boundary can e
be observed clearly. After r#=0.4, the shoreline of parabolic Figure 4. Shoreline evolutions with

shape is moving forward in the offshore direction. and without effect of the boundary
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In order to investigate the effect of the boundary with the pass

of time, shoreline evolutions at the river mouth and the boundary
will be plotted.
By substituting x*=0 into Eq. (2), the shoreline position at the

river mouth y,* can be expressed as a function solely of time #*

*
—n?

* * 1 2 ©e
=t +-—— X (7
Yo 3 71'2 n=l nz
. R . . -2
It is already observed in Figure 4 that when ¢* is small, there is 10 102 100 100 100 10
no effect of the boundary and the shoreline positions can be *

described using the analytical solution as in Eq. (6). Therefore, Figure 5. Shoreline evolution at

when #* is small, the shoreline evolution at the river mouth (x*=0) the river mouth

is represented as: 10 _’Eq NG
K | [Ll——Fa.00)
Vo= z\f ) '
Vs v
Shoreline evolutions at the river mouth expressed in Egs. (7) 10 =

and (8) are plotted in Figure 5. As can be seen in this figure, the .

transition time indicating the effect of the boundary occurs near

t*=0.3. Since then, the effect becomes clear which indicated by the 107 '10_1 o 1ol 10
slopes of the blue and red lines. *
Continuing with the comparison, shoreline evolution at the Figure 6. Shoreline evolution
boundary will be investigated. At the boundary, x=L or x*=1, Eq. at the boundary
(2) becomes:
) e ©)

T n=1 nz

yl"zz\/?e(%t*)_evf{z 1 *j (10)
4 t

Figure 6 shows the shoreline evolutions at the boundary presented by Egs. (9) and (10). The difference

And Eq. (6) becomes:

in these two equations can be seen around *=0.1. Taking the boundary effect into consideration, this
boundary blocks the sediment and causes the shoreline to advance more rapidly (blue line).
3.2. Validation of the new analytical solution

In order to validate the new analytical solution using shoreline data at Funatsu River delta, Eq. (3) is

transformed into dimensional form as:
2 &t

2 2 2 "
[P LUIN F SN Ca P S 3 (11)
2¢DL| 2 3 7% n=in? L

Figure 7 shows the evolution of the Funatsu River delta from 1982 to 2015 and the coordinate system

used in the analysis. From several photos in Figure 7, it can be seen that there is no delta shape in 1982 at



Funatsu River mouth. Therefore, the year
1982 is used as the initial year from which the
delta started to form owing to sediment supply
from the river. Using the “delta-fitting”
method presented by Duy et al. (2016) and
replacing the equation provided by Larson et
al. (1987) by Eq. (11), the parameters required
for delta simulation at the Funatsu River delta
are obtained in Table 1. Figure 8 shows the
final result of the fitting process. In which, the
values of gy and ¢ in Table 1 are changed to
simulate different shoreline positions using
Eq. (11). The simulated shoreline positions
are compared with the measured shoreline in
1982. The root-mean-square error (RMSE) is

calculated and the fitting process will stop

when the smallest values of RMSE is obtained.

In this case, RMSE=1.92 m.
After confirming the values of ¢ and g, the

parameters in Table 1 are used to simulate the

formation process of the Funatsu River mouth.

In this step, the simulation is done using both
(1) the new solution with the effect of the
boundary (Eq. 11) and (ii) the solution
provided by Larson et al. (1987). The
shoreline evolutions near the boundary
(x=-480 m) are compared between the
simulated results and the measured data to see
the effect of the boundary as shown in Figure
9. As can be seen from the figure, the new
solution (blue line) shows better agreement
with the measured shoreline positions near the
boundary (x=-480 m). This result indicates
that the new analytical solution (Eq. 11) is
applicable for studying the formation
processes of finite river delta shorelines.

4. Conclusions

Comparison between two analytical

/g Simulated shoreline (Eq. 11)
< 100 ‘ | ‘
= ;

|
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-400 -300 -200 -100 0 100
x (m)

\

Figure 7. Evolution of Funatsu River delta and

coordinate system used in the analysis.

Table 1. Parameters used for delta simulation at

Funatsu River delta

Formation time (=30 vears
(from 1982 to 2012) Py
Depth of closure
(Fujita :nd Tanaka, 2004) Dc=136m
Beach length =490 m
Maximum shoreline position ye=84 m
Diffusion coefficient &=3 m*/day
Sediment supply from the river| go=1,350 m%/y

200

e
e Measured shoreline (Apr 28, 2012)

I
|
‘ l
0 ______ L
-500  -400  -300 -200  -100 0

x (m)
Figure 8. Fitting the measured shoreline and the

theoretical shoreline to estimate ¢, and &.

L T P L L L L L

90 1995 2000 2005 2010 2015 2020
t (year)

Figure 9. Shoreline evolutions at x=-480 m.
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solutions provided by (i) Larson et al. (1987) and (ii) Tanaka et al. (2017) has been made to figure out the
effect of boundaries to the formation processes of river delta shorelines. Using dimensionless forms, #*=0.1
and #*=0.3 are determined as the demarcations for the boundary to take effect at the river mouth and at the
boundary, respectively. Using measured data, it can be said that the analytical solution provided by Tanaka
et al. (2017) is suitable to examine the formation processes of finite river delta shorelines.
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*Characteristics of victims caused by heavy rainfall disasters on 2017 by Motoyuki Ushiyama and Saki
Yokomaku
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*Effect of building height on characteristics of fluctuating wind force acting on canopies by Tomoki
Hatekeyama, Kosuke Sato, and Yasushi Uematsu



194

1, (%)
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Center Edge

h/H Negative (-) Positive (+) Negative (-) Positive (+)
Cn Cp Cn Cp Cn Cp Cn Cp
1 -2.8 -1.7 1.1 1.2 -33 -2.8 2.6 1.5
0.75 -1.8 -1.2 1.3 1.0 -2.7 -1.6 2.3 1.4
0.67 -1.4 -0.9 1.2 0.8 2.3 -1.7 2.2 1.5
0.6 -1.1 -0.7 1.1 0.8 -2.1 -1.6 1.9 1.4
0.5 -1.9 -0.6 1.4 1.0 -2.1 -2.3 2.2 1.5
0.33 -1.1 -0.5 1.2 0.9 -2.0 -1.7 2.9 2.2
0.25 -1.3 -0.9 1.9 -0.6 2.5 -1.3 3.8 0.7
0.20 -0.8 -0.6 0.8 0.7 -1.1 -1.0 1.3 0.9

®3 EBEBMFHFAARNGHROREE (Type2 DFERICETC)
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hlH Negative (-) Positive (+) Negative (-) Positive (+)
Cn Cp Cn Cp Cn Cpn Cn Cp
1 -3.0 -2.7 0.5 0.3 -3.1 -3.5 1.2 0.8
0.75 -1.5 -1.4 0.6 0.2 -1.6 -1.3 1.0 0.8
0.70 -1.2 -1.1 0.6 0.2 -1.5 -1.5 1.0 0.7
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0.6 -0.9 -0.5 0.6 0.4 -1.3 -1.3 0.8 0.7
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0.33 -0.5 -0.3 0.5 0.5 -0.9 -0.7 0.8 0.7
0.25 -0.4 -0.3 0.6 0.5 -0.7 -0.7 0.8 0.8
0.20 -0.4 -0.3 0.6 0.5 -0.7 -0.8 0.7 0.6
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2010
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* Evaluation of wind resistance of roof frame joints of old wooden houses in snowy cold regions by Sachiko
Yoshida, Konno Daisuke, Kosuke Sato, and Yasushi Uematsu
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Estimation of S-wave velocity structures in Morioka area by dense
microtremor array observations*

Anupap Wanasawan', Hidekazu Yamamoto? and Tsuyoshi Saito®

1. Introduction

We try to estimate underground S-wave velocity structures by using microtremor array
observation in order to understand S-wave velocity structures and site effects on strong motions. This
research aims to find phase velocities and peak frequencies of microtremor vertical to horizontal
(H/V) spectral ratios in order to get data for analyzing underground structures such as thickness and/or
S-wave velocity of soil layers for predicting damage from earthquakes that may occur in the future.
We did microtremor observations in Morioka City which is the main city of Iwate Prefecture. We
observed microtremors by using a single three-component seismograph in a single point for
estimating H/V spectral ratios and by using an array of velocity meters for estimating phase velocities.

2. Microtremor Observation

We measured microtremors for
15 minute in the case of a miniature
size array (60 cm) which is set in
triangular form. And we need a
longer time in a large size array. To
calculate phase velocities, we use
spatial  autocorrelation  (SPAC)
method(Aki,19575). We calculated
phase velocity by fitting SPAC
coefficient to Oth order first kind
Bessel function. Figure 1 shows

The red, green and yellow balloons
show miniature array observation poits
with a radius of 60 cm; the points
indicated by a triangle shape show large size arrays. In the array observation, 47 sites were measured. In
this research, the origin of observation lines A, B and C was set at Ueda 4 Chome near Iwate University.
In the observation process, we used two types of tools to record microtremor data. In miniature array
point we used velocity meters as a main device (4D-Geotek model). This tool includes four geo-phone
sensors, AD data processing unit and Windows tablet. Figure 2 shows GDAQ4-s system. GDAQ-4s isa
new system tool, it possible to customize an observation condition setting in real time (e.g. sampling rate,
data length etc.) on site. In these miniature arrays, we set them in triangular form (60 cm of radius as
shown in Fig. 3). However, an usage of GDAQ4-S has limits, the geo-phones sensor can only be set to
miniature size and it’s can record only vertical componants (UD Data). So in the large size array, we used
the JU310 device from Hakusan Kogyo Co. Ltd.

Fig.1 Microtremor Observation points at Morioka area in
A, B and C lines.
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In this study, we also set a various size array in triangle form. At LA1 point we set 45m, 35m and 10m
array sizes. At LA2 point we set 50m, 25m, 9m and 3m array sizes.

Geophone x4
GS-11D 4.5Hz AD USB ,
Windows

Processing
7 Ma | n Unit Tablet

Fig.2 System of microtremor velocity observation tool GDAQ-4s that consists
of geo-phone sensors, AD converting unit and Windows OS tablet.

Fig.3 Triangular array setting form for Fig.4 Observation photo a 60 cm microtremor
miniature array. A number in small circles array observation on a site at B5.
indicates a geo-phone sensor.

3. Estimation of S wave velocity structure by microtremor array observation

Figure 5 shows the waveforms of vertical components (UD) obtained with a 60 cm radius array at point
C9. Since these four waveforms are very similar, it is indicated that these waveforms can be used for
analysis. Figure 6 shows observed and calculates phase velocity dispersion curves at A2 point. From Fig
6, we can see that the phase velocities are slow (about 100 m / s) in the high frequency band and that
velocities become faster in the low frequency band.
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Fig.5 Velocity waveforms of 4 sensors of at observation Fig.6 Phase velocity at A2. A red
point C11. solid line indicates theoretical one

and green crosses are observed one.

4. Microtremor H/V

Figure 7 shows the microtremor spectra and spectral ratio obtained at point C11. These are three
component spectra, namely, the north-south, the east-west, and the up-down motion components. A band
pass filter of 0.1 Hz to 20 Hz was processed. The H/V peak was picked up in the range up to 10 Hz. From
Fig. 7, it is possible to identify the peak at 1.1 Hz (0.909 sec). Peak periods were picked up at all
observation points.

NS(ch1) EW(ch2)
107 107
5102 F & 102F
< 10°F < 10° F
@ 10* F @ 10* F
S 10° F E 10° F
= 10° <~ 10°
5 10 5 10
z 107 F z 107 F
S -8 a -8
10 10° F
10° 10°
0.1 1 10 0.1 1 10
Frequency (Hz) Frequency (Hz)
UD(ch3)
10°
- 10" F
o 102
2 1o‘f 3
€104 F
S10° F
5 10° F
g0’
108
10°°
0.1 1 10 0.1 1 10
Frequency (Hz) Frequency (Hz)

Fig.7 Power spectra and H/V spectra ratio at observation point A2. Red solid lines indicate average
lines of power spectra and H/V spectra ratio and green lines are individual observed data.
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Figure 8 shows peak periods along B- line.

We can see that the peak period gradually 0 ‘ i . ‘ i i
decreases. Figure 9 shows peak periods in all o2l o B fel et
observation points in the area. From this figure g 04l . » ]
we can see that B line and C line shows that § 06 | : i
peak periods are around 0.4 to 0.1 seconds & 08 | ]
because these observation points locate near ] ‘ ) ) ‘ ) )
mountains area. So we can predict that 0 05 1 15 2 25 3 35
underground basements in these areas are Distance (Km)

shallow. Fig.8 Distribution of peak period against

distance along B-line.
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Fig.9 Peak period distribution in at all observation points.

5. Estimation of S wave velocity structure by both dispersion curves and H/V Spectral ratio

The S-wave structure that we obtained from phase velocity calculated by using miniature array may
not be complete. Because the array size is limited within 60cm, so we can know S-wave structures at
shallow depth not deeper than 10m. However, we can calculate S-wave structure of deeper part by using
H/V spectral ratio too. Figure 10 shows an average H/V peak frequency (Red line) at A2 point fitting with
a theoretical line (Black line). The theoretical H/V curve we are calculated from the model shown in Fig.
11, we can obtain deep structures by using both dispersion curves and H/V spectral ratio.

A2 0 100 200 300 400 500 600 700
10’
g
J £ 2
2 10 = g:
30
4 40
107
0.1 1 10 50
Frequency (Hz) S-wave velocity (m/s)
Fig.10 A red solid line is an average H/V spectral Fig.11 Estimated S-wave structure from
ratio and black line indicates theoretical one at A2 calculating H/V Spectral ratio. A red solid
point. line is S-wave velocity.



Figures 12 to 14 show S-wave structures at all sites in A-Line, B-line and C-Line. From these results,
we can see basements beneath these areas are shallow. At A-line we found phase velocities in this area
around 100-150 m/s especially at middle of the observation line around A5 to A8 points. When we inverted
these data to S-wave velocity models, we found these S-wave structures are gradually changed. Velocities
of S-wave are changed to faster at shallow section at observation point near the origin point. High

impedance contrast interface depths become deeper from A1 to A6 point, and the depths become shallower
from A7 to A10 point.

At B observation line, phase velocities in this area are relatively higher than other observation lines,
around 200 m/s at a frequency of 10 Hz. Inverted S-wave structures in this line show us that high
impedance contrast interface depths are shallow. However, at some observation points of this B line, the

depths are abruptly changed. And from Fig. 8 peak periods at these points are around 0.4-0.5 sec, slower
than those at other points.

And at C line, S-wave structure in this area are not so different. For this line, high impedance contrast
interface depths are gradually changed. At Just only C2 to C4 points, the depths in these points are shallow.

S-wave velocity (m/s)
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=
=
3 20t +
30 Leelboonllo

Al A2 A3 A4 A5 A6 AT A8 A9 A10 A1 A12 AlI3 Al4
Fig.12 Distribution of S-wave structures along A-Line.
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Fig.13 Distribution of S-wave structures along B-Line.
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Fig.14 Distribution of S-wave structures along C-Line.

6. Conclusion

From microtremor array observation results we found that phase velocities in the target area are
relatively slow, almost around 100-150 m/s except in some places such as B line; phase velocities in this
place are higher around 200 m/s. H/V peak period distribution also shows in this area around 0.4-0.1
seconds, in range of medium to fast especially if the place is located in a mountain area. S-wave forms
show that high impedance contrast interface depth in this area are not so deep.

However, the observation areas are in a city location, so some obtained data are strange - which
might be an effect on the observation process such as traffic noise or local industrial activity near the
observation points.
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*Estimation of phase velocities of Love wave from array records of horizontal microtremors by using FK
analysis- An experiment in Morioka area- by T. Sakaguchi, H. Yamamoto and T. Saito
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*Waveform characteristics of earthquakes near the plate boundary off the coast of Iwate prefecture by

Masahiro Kosuga
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Evaluation of the Disaster Mitigation Action Card Game
for international students in Japan

Ryosuke Kaneko!, Muhammad Salman Al Farisi', Shuji Yamada?, Miwa Kuri®

Abstract

In this paper, Disaster Mitigation Action Card game (DMAC) is evaluated as a teaching material of
disaster mitigation for international students in Japan. The DMAC is briefly introduced at the beginning.
Evaluation of the DMAC as well as investigation of the consciousness of the international students for
disasters in Japan were conducted by two questionnaire surveys. As a result, it is found that anxiety of the
international students for disasters decreases as they stay in Japan long time. Most of the international
students recognized an earthquake and a tsunami as disasters in Japan. The international students enjoyed
playing the DMAC and learned disaster mitigation at some disaster situations. It is confirmed that the
DMAC is applicable for the international students and is obtained good enough evaluation for an entrance
of thinking disaster mitigation. From this research, it is revealed that the DMAC is an effective teaching
material for the international students as their first step of thinking about disaster mitigation in Japan.

1. Introduction

Recently, the number of international students who study in Japan at higher education institutions and
Japanese language institutes is increasing [!1. It was reported that some international students suffered large
scale earthquake such as the Great East Japan Earthquake in 2011 and Kumamoto earthquake in 2016 21131,
Therefore, it is necessary to implement education for disaster mitigation for the international students to
promote quick decision making at a disaster situation.

Hisamatsu et al. developed the DMAC for elementary school and junior high school students to learn
disaster mitigation "I®!. In DMAC, players learn and discuss disaster mitigation action at some situations
relative to large scale earthquake or tsunami. Figure 1 is an example of DMAC cards which show different
disaster mitigation actions. There are 27 kinds of DMAC cards in total. Players have to pick up one of the
cards within 3 seconds, which simulates the short decision-making time during the real disaster. After
picking the card, players are required to share their ideas of risk and disaster mitigation with the other
players to induce awareness from the discussion. The DMAC cards are designed abstractly using pictogram,
which enables players to explain their disaster mitigation action with their imagination. Pictogram also
makes it available for players regardless of the language or country.

In this research, the consciousness of international students for disasters in Japan was investigated by
questionnaire surveys. The DMAC was also evaluated as a teaching material of disaster mitigation for the

international students.

! Graduate School of Engineering, Tohoku University
2 Graduate School of Arts and Letters, Tohoku University
3 International Research Institute of Disaster Science (IRIDeS), Tohoku University
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Figure 1 DMAC cards showing disaster mitigation actions designed by pictogram.
2. Questionnaire survey

The investigation was conducted at six different safety lectures for international students as shown in
Table 1. Two questionnaire surveys were carried out as a part of the safety lectures, each before and after
performing the DMAC. Table 2 and Table 3 summarize the questions of the former and the latter
questionnaire survey, respectively. On the former survey, anxiety and consciousness for disasters in Japan
as well as personal information were investigated. The latter questionnaire was used to evaluate their
impression of the DMAC, understanding of rules, motivation to play the DMAC again and motivation to
share the experience of the DMAC in their respective home countries. A comment space was also given
for each question on the latter questionnaire. Table 4 summarizes the questions used in the lectures. Note
that the number of questions was not same for each lecture because of different lecture time.

Valid respondents were defined as the respondents who answered over a half of the questions. Simple
tabulation and cross tabulation were performed for the former and the latter survey from the answer of the
respondents. On the analysis of the latter survey, the valid respondents were divided into three groups
according to the characteristics of the safety lectures and players as shown in Table 5. Group A mainly
consists of the respondents whose length of stay in Japan are less than one year. Most of the respondents
in group A come from Asian countries. Group B consists of the respondents who participated in the
Exploring Germination and Growth program for young Scientist (EGGS) to communicate with Japanese
high school students. Although many respondents come from Asian countries, one of the characteristics of
group B is the variety of their respective home country regions. Group C is the participants of safety lecture

for Indonesian students. Indonesian language is used to play DMAC for this group.

Table 1 Outline of safety lectures.

Case | Safety lecture Date Participants | Organizers and | Players
facilitators
1 Safety lecture at department of Literature | 2015/11/19 9 Japanese International students
in Tohoku University graduate students
2 Exploring Germination and Growth | 2015/01/18 22 Japanese International students
program for young Scientist (EGGS) in high school students
Tohoku University
3 EGGS in Tohoku University 2015/12/19 27 Japanese lecturer International  students
in Tohoku University and Japanese
high school students
4 Communication event with American and | 2016/03/24 10 Japanese American and Japanese
Japanese high school students graduate students and | high school students
high school students
5 Safety lecture for Indonesian students 2016/07/18 48 Indonesian Indonesian students
graduate student
6 Safety lecture for newcomer of | 2017/09/28 28 Indonesian International students
international bachelor students in Tohoku graduate student
University
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NO. Questions Options

pre-1 | Personal information Age, gender, nationality, length of stay in
Japan

pre-2 | Do you worry about disasters in Japan? Yes /No

pre-3 | Among the following, please put all checks which you think is (are) disaster(s), Earthquake / tsunami / typhoon / volcanic

in particular which may occur in Japan. eruption / landslides / heavy rain / flood /

heavy snow / tornado / fire / accident /
disease / others

Table 3 Questions of questionnaire survey after DMAC.

NO. Questions Options
post-1 Please write down what you learned today for the first time. Comment
post-2 Did you enjoy the game today? Yes/ No/ I don’t know
post-3 Was the rule of the game understandable? Yes/ No
post-4 Do you want to play the game again? Yes / No
Comment
post-5 Will your experience of this game be useful in your country? Yes/ No
Comment
post-6 Please write down what was the most impressive to you in this activity. Comment
Table 4 Questions of DMAC.
NO. Questions Keyword
1 You’re at a lecture room. An earthquake suddenly occurs. Earthquake
The building is strongly shaking.
2 You’re on your way home. A large earthquake occurs. Tsunami warning
A tsunami warning was issued.
3 You’re cooking in the kitchen. You hear an alarm of Earthquake Early Warning. Earthquake Early Warning
You don’t understand its meaning.
4 You’re at a beach. A small earthquake occurs. Small earthquake, tsunami
People seems to do nothing. earthquake
5 You’re in a subway station. A hanging sign is shaking. Subway station
There are a lot of people in the station.
6 You’re at a lecture room. An earthquake suddenly occurs. Earthquake
The building is strongly shaking.

Table 5 Group category for analysis of questionnaire survey after DMAC.

Group A B @
Characteristics Newcomers With Japanese high school Indonesian students
students
Safety lectures Case 1,4,6 Case 2,3 Case 5
ToFal number of 47 49 48
valid respondents
Language English English Indonesian
Asian 36 36 48
Middle East 0 1 0
Country Europe 0 3 0
regions America 9 4 0
Africa 0 3 0
blank 2 2 0
Male 21 28 29
Gender Female 21 17 14
blank 5 4 5
Length of i< 1 38 > 17
stay ¢ 1 = ¢<3 8 29 18
[years] =3 1 15 13
blank 0 0 0
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3. Results

151 international students in total answered the questionnaire survey and 144 valid respondents were
obtained. Table 6 shows the results of the cross tabulation of pre-2 relative to the length of stay in Japan.
The respondents who stay in Japan less than one year tend to have anxiety for disaster in Japan. In opposite,
65 % of the respondents who stay more than three years do not have the anxiety. This is probably because
the latter gets used to the life in Japan and able to obtain information in the disaster situation easily. Figure
2 shows the result of pre-3. Over 95% of the respondents recognized an earthquake and a tsunami as
disasters in Japan. A typhoon (70%), a heavy snow (62%) and a volcanic eruption (61%) are also recognized
by many respondents.

Table 7 shows the result of the cross tabulation of post-2 relative to the three groups. Most of the
respondents in each group enjoyed the DMAC. Table 8 shows the result of the cross tabulation of post-3
relative to the three groups. 100% of the respondents in group C who played the DMAC in their mother
language understood the rule. Over 90% of the respondents in the other groups also thought it
understandable. Table 9 shows the result of the cross tabulation of post-4 relative to the three groups. Group
B has many positive answers (92%), but the other two groups have relatively many negative answers.
Comments for this question were categorized to consider the reasons. Table 9 also summarizes the opinions
from positive side and negative side. Most of the respondents who answered negatively thought they had
learned enough at one time. Some respondents commented they wanted to play in other situations. Table
10 shows the result of the cross tabulation of post-5 relative to the three groups. Most of the respondents
in group C answered positively, while some respondents in the other groups answered negatively.
Comments were also categorized for this question as shown in Table 10. According to the positive opinions,
the DMAC was useful for the respondents whose respective home countries have disasters or require
education for disaster mitigation. On the other hand, the DMAC was not so useful for the respondents
whose respective home countries do not have earthquake. Table 11 and Table 12 summarize the comments
of post-1 and post-6, respectively. Many respondents learned disaster mitigation actions from the DMAC.
Some respondents commented they knew Earthquake Early Warning for the first time. Regarding the most
impressive thing, it was interesting that many respondents commented different ideas and opinions of other
students.

Earthquake 97%
Table 6 Cross tabulation of pre-2. Isunami : 95%
Typhoon 70%
Less than | year 1~3 years Over 3 years Volcanic eruption 61%
YES [%] 52 43 35 Landslides — 550/,
NO [%] 48 57 65 Heavy rain p—— 437,
Total [%] 100 100 100 T e————
cavy snow 62%
Number 3 7 3 Tornado |— |99,
of blanks Fire |e— 330
Accident |—————— 379/,
Discasc (—— 0%,
Others |— ) ]9%,

0% 20% 40% 60% 80% 100%

Figure 2 Results of pre-3.
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Table 8 Cross tabulation of post-3.

Group A B ©

YES [%] 94 100 98 Group A B C
NO [%] 0 0 0 YES [%] 91 94 100
I don't know [%)] 6 0 2 NO [%] 9 6 0
Total [%)] 100 100 100 Total [%] 100 100 100
Number of blanks 0 0 0 Number of blanks 0 0 0

Table 9 Cross tabulation of post-4

and summary of comments.

Table 10 Cross tabulation of post-5

and summary of comments.

Group A B C Group A B C

YES [%] 72 92 80 YES [%] 79 85 94

NO [%] 28 8 20 NO [%] 21 15 6

Total [%] 100 100 100 Total [%] 100 100 100

Number of Number of

blanks 0 ! 4 blanks 0 ! 0
Opinions of YES Opinions of YES

v I want to learn disaster mitigation action more. (30%)
v I want to play at different disaster situations. (15%)
v I want to discuss with other players. (12%)

v' Others

Opinions of NO

v" One time is enough. (57%)

v Different questions and DMAC cards
are needed. (19%)

v' We can repeat same answer
even in different questions. (10%)

v' Others

Table 11 Summary of comments of post-1.

v Disaster mitigation action (59%)

v" Knowledge about disasters. (13%)

v Disaster mitigation system in Japan
(Earthquake Early Warning, ...). (10%)

v What I found from discussion with other players.
(%)

v' Others

4. Discussion

v Home country also has disasters like Japan. (41%)

v There is no education for disaster mitigation. (39%)

v I want to teach for students who will come to Japan in
the future. (5%)

v' Others

Opinions of NO

v Home country does not have earthquake. (79%)

v Home country has disasters, but It is unclear that the
DMAC is useful for that. (14%)

v Home country has disasters, but does not have
disaster mitigation system like Japan. (7%)

v Others

Table 12 Summary of comments of post-6.
v DMAC and its card design (31%)

v Different ideas and opinions of other players. (26%)
v Disaster mitigation actions. (20%)

v' Others

The results of post-1 and post-2 indicate that the respondents enjoyed learning disaster mitigation

actions at disaster situations by the DMAC. The result of post-3 shows most of the respondents understood

the rule of the DMAC in English or in their mother language. That of post-6 also indicates that some of

the respondents have an impression regarding discussion with other players, which is one of the
characteristics of the DMAC. These results confirm that the DMAC is applicable for the international

students.

On the other hand, the motivation of the respondents to play the DMAC again was relatively lower than
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that of elementary school and junior high school students I, It may be because many of the respondents

who answered negatively thought that they learned enough in playing one time. However, the results of

the questionnaire surveys confirm that the evaluation of the DMAC from the respondents is good enough
for an entrance of thinking about disaster mitigation. Accordingly, it is concluded that the DMAC is an
effective teaching material for the international students for their first step of thinking disaster mitigation.

5. Conclusion

The consciousness of international students for disasters was investigated by a questionnaire survey.

The result of 144 valid respondents were used for the evaluation. The respondents who stayed in Japan

less than one year are more anxious for disasters in Japan than others. Almost all the respondents

recognized an earthquake and a tsunami as disasters in Japan. The DMAC is performed for the
international students to evaluate the effect as a teaching material of disaster mitigation by a questionnaire
survey in the same way. Most of the respondents enjoyed learning the disaster mitigation action from the

DMAC. As a result, it is confirmed that the DMAC is applicable for the international students. A part of

the respondents did not have a motivation to play the DMAC again and to play it in their respective home

countries. However, the results of the survey confirm that the evaluation of the DMAC from the
respondents is good enough for an entrance of thinking about disaster mitigation. In conclusion, the

DMAC is an effective teaching material for the international students as their first step to learn disaster

mitigation in Japan.
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