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Abstract

This study aims to investigate the tsunami-induced scour depth 
at Patong Beach, Phuket Province, Thailand. The tsunami 
inundation depth and flow velocity are evaluated using the 
Energy Grade Line method. Scour depths are estimated using 
empirical equations proposed by Sumer et al. Subsequently, 
tsunami-induced forces acting on foundations are evaluated 
using the drag equation. The results indicate maximum scour 
depths of 1.3 times the diameter for circular piers and 2 times 
the width for square piers. Additional hydrodynamic forces after 
scour range from 0.75-2.0 kN for circular piers and 2.0-15 kN for 
square piers. These forces should be incorporated into shallow 
foundation stability analyses.

Keywords: Tsunami, Scour, Shallow Foundation, Patong Beach

1. \imn

Sunmtlu^nn^niTMi'iYisiafinwamsvitjFiaTm vifviEjjuj ups 
ipmffifaju fimj'ijQflumOuflatwjjmu'ia'jfiPtJtm aiimniPiaami

«s X

VilnpEVj 8,000 nTpujfi^AiEjAPimiiAau^S^ 800 hlaiumpia'tniu^ 
[1] PunduuinwunaninA^uqinni'jqnuvmvtoa-Juppu'ivisipaEj™

visia [2] LkiopinjjiAaa'uFipmatj^nanJ'iAu wa^^nuna^npusjswnTw 
Aauon^haMmiasm'ihwn^TflusoswRpnija-j'ua-jnpuitJaEJvnitJcu’liJ

V V

cnijs'jnjptusimiamysil-j vjp-j^'iu'ua-JAamiasatnjjiipn^stiaunvi'S'A 
mMifl-jasSuwTuuaAa-jUJwiy-jsysYmniiiApavfina'jflau atin'li 
nwmiautln'mnAflnia^S'uiSi'nSfiiunnn'ji 100 tl {2] 
Imutl'unafi'ulivn-jg-jui^npiviinOTu'l ’̂tjayun 

uansnnwan-jtviusnmis-jfi

Although tsunamis are infrequent, they can cause severe 
damage to human lives, property, ecosystems, and the 
economy. While coastal structures can be designed to withstand 
tsunami-induced forces, the scour around shallow foundations 
due to tsunami flows increases the foundations’ exposure to 
hydrodynamic forces. This phenomenon reduces foundation 
stability and may lead to structural overturning failure. Some 
residential structures in coastal areas of Thailand use shallow 
foundations, which are vulnerable to tsunami-induced scour.

aulfltmvnian aviBviflsnneemieit 
nssufltfl'mnntinpunS&a'Jwpriam'jiffaawTBSJfltnauilm i2a?ui 
tfmdsvisnup-an'aaii-jatvhlmnflm'sidpumidp-ivif'ivi'ma^ 
mtuainBEmrjmfi p'-JNaTwin Anr5nAitBis‘wtJinnj5Tutia'3 
Ibriaavu vhWa^riaaii'WwuMtJsvisnuAauiwyfluipuUJfNJj 
ipna^fliwpna-nvla-jtnn-jstjsfl-jnptjpna-j apiuiaavnywiams
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UJ3 (p 5 RaflnDtT'U'iio^iS'uvj^-iTuvi

<1fUl?£Jl‘UO^tnmi,5-5l?tl?IVn'UVlVIO^UT,^X PIO'5EOEVl’l-3^STn''l'30Plviv ^ *

au'Uuimim'nj, nas n Manning
luniipifm'm^Wth n=0.025 ^-nO-UfliuuKiIil’u A5CE/SEI 7-16 [12] 
anviryw^iEjlnacib

2.3 u-fwnfzmeiaforjfihj

ii^-3vfuifi^O'3,uinitviiw0l(:i'5-33Tn4auii,5fii),5st5tj’lwIwuHaumT 

ll^-a^nu^io-jun (Drag Equation) ^-JliafrNTuaijnrjV (9) ‘UfjMP’h 
auilitaviBa^^wiuDaJui (Co) viT^lum^^nwiiixan^a^^'isinn Cengel 
uat Cimbala [13] wSaiLviinu 2.2'nas 1.2 aiwTuia'iaivmtiufo?? 
iiatiainau aiainJ^taviSLiuwiuiia-JUTija-Ji.aiawfaac

aiy"i^fiT‘SlwTun‘5w,a,wf,!vn-5n-maaauv,ija^,uinisviTW'3a"innuwnu'lpi 
^UMu^ua-JiaiiviTuu

2.2 nisvhuiuYiqcii/yjJiivdsfiuiijmQmvnmtjtk

t:niXja'3^ia-5a,uinMwmvn^ (Wave Runup Height)Tunm^nwi 
af-3,uatfinaruqnj'i?iaWq5Lau'5£Pi',uwa-3-3iu (Energy Grade Line, 
EGL) vftwnniius'ih’Uj ASCE/SEI7-16 [12] I?iy?swuMa-3J'itj,ija-3aun2 
‘ImunnTsiPiaauvi'ua^aauasaiiJiiapiu'itu'lfilwoHaufn'jvi (5)

u2E =h+ — =h(l + Q.5Fr2) (5)
2<?

LLia Es aa^swinNfl'j-oiu, h aa'ic^UFmLian^ia'itJ'i (Inundation 
Depth) ^uaw^luiilvi 1, u paaTimfrtia-jaau, gwaFnim^ 
ma-janmi'j-jIuLifil'JTja-j'lan, uat Fr aaia'ti Froude Number ?-3 asH 
aLifiTJvInrui'UfUil.Tlu A5CE/5EI 7-16 [12] ^naw-jluaum^vi (6)

/ X \o sFr = ^~ld (6)

Pd ^^CpApwV2 (9)
ida o Ra^uiJ^s^vis Froude Number‘iTjm^flnvnCasmvtuw'lvi 

Cfinviinu 1 ^iSupiivianauti'ui'lTlu ASCE/SEI 7-16 [12], x pia^ut 
luu'ui^ui ^iiasi-jIuiLlM 1, aas Xf? aa^tat'ua^aauwl^i'uni^pTuqnj 
w-ouaei^uitJvi 1

ma Fd aaii‘5'3PTUviinpiainui, C0 SaawiJ'isavisu^JFiiusta^u'i, A 
aavNu^iJsvit;,piapniuvivniuju^a'Sui (tj^tvncu 1,025 kg/m3 
5?ivi?\junvit;La), uas v aafliiULiTua-iUi

3. ^aiJawltri'UfmTiFiTnsjw 
3.J vsiimav

tiauaauiCvlinpi^tj'luT'uM 26 suinau vi.d. 2547 vSatuiuil’o'lu 
fn^^niiiai'iu'lpiana^tJ'lwaapi'aTupn^i'Jvi 1 Iflaa'ua'JintnmanaTS 
pin-j *i wwaltlij

Merrifield uaspiWK [14] Uviim^^Tu^uarnja-jpiatJ tu qu^inin 
ivipntnnafnush-a *1 wanupinviwiivlafnu Columbo O^sivipipiI 
a^ma'iLn?npi^9aT’wR'3njja'5t:iauvian^5ma^Mapiiviin\j 2.17 ijjot?v x «

aianua-jFiauCla'jnnunjjiWvim^^nyi uanain'u Merrifield uas
V V

ams [14] a-jlaYhniiTifl^icMfliu^ia'jflauiias^zij'm'iutia-ifiauij 
a’nil^s^nw 25 - 40 invi a’mjajaitjaauM 40 UTaa-Jtinuunl'ulu 
ni'jpfnwna^iliuo^tnnifluaiviw'tHai KC Number jjfha-jviamiazv «

astnamnjjan'l'uni'jnaisnsaj'waaiilaunijnHnuaym^^ia-j Sumer
v 1

nasatus [9]-[10]

Bell uasfifus [15] 'lavi0'ifn^'5'3u^iu,yajjamia°i^9^^inv!aiaaia 
aiuiias'lauiiaua'iipniua-i^ia'iaauwa^'uviiavliwaj uaiibsinfu 5 
- 5.5 luat amua-3‘iiaj?siri,u,ilnvl^’i>i?u3-3a^aavi 5.5 lUffi^a^nmliunH 
lumipfriwa^C

-^4
-n-'

fc'.-u)

viiiSuh.

■>**?

•V

ivJw 1,5sauY<a-«iuviiniwnau''ijj

aiavi^ntj^sauwa-j'JiuviaaTaaaMC^u^simjm^iaaauvIiia^au'i 
uuai nasauiTiftnuiicuMTjsaviwa'muviaaaa *)‘UialwanriTni 
via'j'jiijafyiaa'ltl'jsvrin-jm^iaaaw'iio^RauastJ^snauliJa'jaarnj 
wua-iiauvia^'iuviafyiaaliJma^ainii^-qiSaavn'uvl'wa^ui (s) uas 
flqnuwua-jvia-jiii ((p) ^uaajluaiirmy (7) Taavlfl-nu^tj'uaiisau 
via^-j’niwaoiiaaliJiua-iainii^^iaaavmja'iLn^fia'iinaj'lalaaHaLim?

vi (8)

+ (<pi+si)&xiP9,i = P (7)

9Fr,i (8)Si = 1/3(1.00/n)2h‘
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tni'Mvj 1 fauaftamntiTufmdnfcn
5iu'5inua8U«vlmrviiriasiu?inoinTJvljjoyiSulRti'UiintntP04ntj

m?aana\j\ja4fi3a?i4uwuvjw-anfin

3.3 vduapwinmj

civninnuvil^ltimiflntnijaKnnnnMuaTpiyHflirT 'i liJTtnu 
niMuciT’Miiia'iwayamvjauuanfatnju'i 15 uu. 20 uu. 25 uu. 30 uu 
35 uu. uas 40mj. uasiaiPiau'avi's-jnauDuifuauHnuguonai^ 15 
uu. 20 mj. 25 uu. 30 jjjj. 35 uu. uas ^Ojjij. ifoSntnaYisYtaua* 
i\Jvi«uasuvnPnja'3iaiRaiiaviilHaFiaflTiuaniiaom?nPU‘Bisuasui-} 
vISuiDn'SKvi'naasiu^inTwonwunwuioiatitJ^s^iiaiwaya’lTltJffnrvj

fil
MUIO ai-ia^qmn-mvli Wnaanuuu

Memfield unsMusB-siua^nnuuona^, H 2.17 2.17u.
[1<5]

Meirifield uosmos
muriBuuonO-j, T U1V) 25-00 «0

(181

miuBrBOjnBuwimiuih, R 5-5.5 Bell uosnrus [15] 5.5u.

, *>

if.; r *“
5;.

ic,.;;.v.: ,

vi 2

♦nmw 2 tfayaiannoua^l'olurmflnbT

unnauo tun tum (uu)

SIS 15 x 15

520 20x20

525 25x25

530 30x30

535 35x35

540 40x40

jilw 2 wwihfio-i 0 yi.pi. 2567

{taua?m Google Earth)
ftlS 015

R20 020

R25 0253.2 vQua/jfi'UmYifi

wisiOniiajwayluiiuvitnoPjwiuouPniJinja^tJ^siYifi'lvio ayTti 
ujnvJnA53-ja'ii/i0n5sY2 34vi-)(!uiin?i uantmisiOumaviiiyoTi 
iJTKincu 2.7 nlaium CmiUwijviaButiiwuiuviu R4ua^Tu5tJvj 2 
^3ua'?sR\ju34YT04tjiTum?pinwinf'},l{fi,\R3i4O43in5Kii\jawtivl 
inm^aaau’lau tiaon-su^vmpnaaf na-nivalo

^'ojjafiiJiJisiivimjuunasai-ia'iain ESRI World Topographic 
Map iu043in^asja«4naTjy4ly,n-s3Uflauti4,Muv{u5nflitiuttj hi 
fTniJtuiaausimnofl^uo^autfufioiijawufoua^on’u'unKaru

^’a»ja?tRUiwaTifasnmjmTa5'T4iavuRPitm-JD34iny£l4
V V

J ^ J* ^ J *laiiflflTniJYifoiinnlTiturmflnuiflftuWtmuofwtnnYifvana-maj 
vn« wuai'i-i'lTluiau n-n IuiiJm 2 ■uauajnijiJTciviflvittlufmSnui 
fl^ulannuan^Tluiilvi 3 ujaii3i5onannjt:nCiJii:ivmTuwuMplnwi 
tfauaeuluiilvi 3 uao HUviR4umauaunnoEI'3>)'un4,5Kosvi3uiu«i'i5u 
3-}a4aw3»omjiinT«l\jni5fliuow Wiihstjs xft ivinnu 325 uim 

\jfnwvfTt“l'ufn5ftnntuayi'/no'lnitina'iuauaiflT50Tu 
nQmBvm^ atl'u'w 15 (vi.a. 2529) MutfatfinArmriaavu mi

mu
R30 030

R35 035

R40 040

4. warrmiansM

4.1 miifiaoutfwdwnuivitjinufc

nTuaasumrf-nntil-JDOjStnuTiiwuviflnvn'lwona'nntumu-ssi'uutJio 
vtl^oeiniilTluYTitia 2.2 aas^ojjaflauuacnDilisivipivi'lfiistj’lTlu 
iRin-i'M 1 uasiilvi 3 fnua'imj wamiaimftjviiaaouvimvn^M 
•skos Jx 1 vi inn 25 lUPiilpionuaPi-ilTltJitJM 4 aialnaruja-iuO'iSinu 
vimaviu4«ii-} ^ Raaffiiaua«tm4aa')9»aTiJiiovn(:niuanii34uv 
ciaoPiiauRatm'ilRlfio'lflfliwam-jisvtTi'i-sxwtjuiuasispi’DHTRu m 
aovuanTiaJtjivlinn^vnSiJiUCTaamaiiPiifnmwmuitiilwnnaapi^TTu 

idvi 5 amjniiua-imsiiau'iviininrnnSuincnaasiauoiauficnm-jlaon 
uamtfliJiiJvj 5 itfunu
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Hamill, L (1998). Bridge hydraulics. CRC Press.
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nTan^imsJiili.QajgTU (Scour)

Hydrodynamic Force 
Exerted on Super Structures

Initial Ground+ \\\\
\

Hydrodynamic Fvorce 
Exerted on Exposed ColCkrm

Scour Depth, S

Scoured Ground

Column Section

Shallow Foundation
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2011 Tohoku Earthquake

Nicholas, M. J., Jayaratne, R., Suzuki, T. and Shibayama, T. 2020. Building Foundation Instability Induced by Tsunami 
Scour. International Conference on Coastal Engineering, 2020. Online 06 - 09 Oct 2020 Coasts, Oceans, Ports and Rivers 
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https://www.youtube.com/watch?v=faEEx5aQk0g
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FmmlQmjlvia

fiTU^t^fmma0^4^^nJ0'3^;la^4mg^^^EJ^I Energy Grade Line (EGM Method)
l?i(5nn3jlnaU'a'3m?ni?iisan^

jj j

njuf^mwilw)

0TU'3tUm5nfU<!B1S^S'IUI>)0^S'1V1i'lf1^E)^ljrnlil^El^-^fiyiUa'3 Sumer imSfltUS

lllSl5uil?'3Wn5S;y!im3JiaU?i0S1t!nf1^QfJ?r3Jm5 Drag Equation
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Energy Grade Line Method (ASCE/SEM 7-161)

u2E = h + — = h(l + 0.5Fr2) (2)i l*. ^
2gE=0

9

0.5
(3)E if

vi'uS'u9,! mi

9Fr,i (4)Si = 1/3(1.00/n)2h i
ZV iy.-y/^y.-

X
>

4 >
xn

'American Society of Civil Engineers, Structural Engineering Institution, Minimum Design Loads for Building and Other Structures, 
ASCE/SEI 7-16.
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Sumer et al. Formula

5 0.03(/fC—6) j1 1 — eD

Si?5nivil^w (jjjjnjsiviij 90 a^pn)2 S=Tiunpii.fln

D=(5nn3janni?iL6ans«'3«(?i<u s

L/m=(sm 3J m m ?1 vi s 

r=i5niJ<im'3Ra'u

2[l _ e-0.015(ffC-ll)j
D

S(jjjjnjtviij 45 'a^pn)2 — = 2[l - e-0-019^-3)]

UmT
Keulegan-Carpenter Number KC = D

’Sumer, B. M., Christiansen, N., & Freds0e, J. (1992) Scour around vertical pile in waves, Journal of Waterway, Port, 
Coastal, and Ocean Engineering, 118, pp. 15-31. https://doi.org/10.1061/(ASCE)0733-950X(1992)118:l(15)

2Sumer, B. M., Christiansen, N., & Fredsoe, J. (1993) Influence of cross section on wave scour around piles. Journal of 
Waterway, Port, Coastal, and Ocean Engineering. 119, pp. 477-495. https://doi.org/10.1061/(ASCE)0733-950X(1993)119:5(477) ie 9

https://doi.org/10.1061/(ASCE)0733-950X(1992)118:l(15
https://doi.org/10.1061/(ASCE)0733-950X(1993)119:5(477
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r:n<wj«nuDrag Formula

1 .1#..V

2CdApwvFd 2 >

Iwnn EGL
A = DxS

•-I

lennajj C0=2.2 isniviaEJSJ C0=1.2
i i/

f'msjvi'uiii'U'U'UTKisia = 1025 nn./cnj.jj.
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Merrifield, M. A., Firing, Y. L., Aarup, T, Agricole, W., Brundrit, G., Chang-Seng, D., Farre, R., Kilonsky, B., Knight, W., Kong, L, Magori, C., Manurung, 
P., McCreery, C., Mitdiell, W., Pillay, S., Schindele, F., Shillington, F., Testut, L, Wijeratne, E. M. S., Turetsky, N. (2005). Tide gauge observations of the Indian Ocean 
tsunami, December 26, 2004. Geophysical Research Letters, 32(9). https://doi.org/10.1029/2005gl022610

2Bell, R., Cowan, H., Dalziell, E., Evans, N., O'Leary, M., Rush, B., & Yule, L. (2005). Survey of impacts on the Andaman coast, southern Thailand 
following the great Sumatra-Andaman earthquake and tsunami of December 26, 2004. Bulletin of the New Zealand Society for Earthquake Engineering, 38(3), 
123-148. https://doi.Org/10.5459/bnzsee.38.3.123-148
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h (m) u(m/s) zw (m)E(m)x/xR Frx (m) z (m) Ax Azn <P s
0 5.5000.000'325 5.5 0.025 1

f300 5.7290.67710 0.652 0.701455.076923 0.025 0.0101610625 0.42308 0.01692 0.92308 0.27735
1.25696 5.7014.653846 0.025 1.047]275 0.0010878 1.1273825 0.42308 0.01692 0.84615 0.39223

*250 1.79376 5.6521.4214.230769 0.025 0.00139347 1.5852925 0.42308 0.01692 0.76923 0.48038
1225 5.5852.315953.807692 0.025 2.05031 1.77725 0.42308 0.01692 0.69231 0.5547 0.00167792

2.82509 5.5002.115200 3.384615 0.025 0.00194694 2.5220625 0.42308 0.01692 0.61538 0.62017f
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6.09438 4.5255.99464 4.1020.423077 • 0.025 0.0036105125 0.42308 0.01692 0.07692 0.96077
I 0 4.3424.342 6.526720.00383029 6.513470 0.025 25 0.42308 0.01692 0 1
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