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WALL STRUCTURE USING PLAXIS 2D. THESIS ADVISOR : PROF.

SUKSUN HORPIBULSUK, Ph.D., 99 PP.

NATURAL DISASTER/ FLOOD WALL PROTECTION/ FINITE ELEMENT

ANALYSIS

Nava Nakorn Industrial is a home of world-class companies that serves many
types of industries located in Pathumthani Province, Thailand with an area of more than
10 km?. In 2011, the natural disaster, flooding up to about 4.7 m for 2 months caused
the negative impacts in this industrial zone. Therefore, the 3 types permanent flood
walls were built around the industrial area to ascertain the safety and to build the
confidence for the investors. This study evaluated the safety and stability of the three
flood walls against the flooding problem. The flood wall protection evaluation has been
divided into three main assessments, including site investigation and soil exploration,
examination of the existing flood wall structures, and finite element analysis of their
stability. The site investigation and soil exploration, included boring, physical,
consolidation and triaxial tests to explore the soil profile and geotechnical parameters.
To evaluate the existing the flood wall protection, the mechanical tests, including in-
situ Schmidt Hammer test, Ferro scan test, Hardness test, as well as laboratory
compressive strength test of cored concrete have been undertaken. Finally, finite
element method using Plaxis 2D was carried out to evaluate the internal and external
stabilities of the flood wall systems and to predict the water seepage beneath the flood

wall protection into the industrial zone. The research provides the useful insight for



geoenvironmental engineers and designers into the investigation of the wall structure

and soil parameters and the finite element analysis for solving geotechnical problem.
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gailszanm 3.0 dimsunie Ky azia19g5e11130.4 v Sunsemiunay 0.5 dMsunsig
Waw
' Y v v
Tumsmisdulszansussauaudiuinnanigegialuauniunsgsi ldenn 3914
av ' 0 a C4 .. . ] 2,
BgAny ez e e IdiuaueaumsiFalszaumsal (Empirical equations) d1M5UN1S

sz K, awaasluasei 2.1
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#1319 2.1 AN Coefficient of earth pressure at rest

¥HAVRIAY anms
Normally consolidation soil; Jaky (1944) Ko =1-sin ¢
Normally consolidation soil; Brooker and K, =0.04+0.007(PIl); Pl =0-40%
Ireland’s (1965) K, =0.64+0.001(PI); Pl =40-80%
Over consolidated clay; Alpan (1967) (Ko )oc = (KO)nc (OCR) "

Pl <40%, n=0.42
Pl >40%, n=0.32

= v oa Y Y .
2.5 NYHHUIIAUAUAIUYIIVI Rankine
NOBHVO9 Rankine A1 5V MTIAUAUA LT 19VBIAUTUAN1IZ Active L1ag Passive
v 9 Y
Fueruo 1Ag Rankine (1857) At0gUUANUATIUHANA WD ATl
1. muwsod lunuadauag lifinsedanitien (Adhesion) 5015 9T8ANIU (Friction)
1 ) U g a %
FENINAUAUNUAIVOINII
a oa a Aag Y I A A wa X 1
2. umsdavesaugnauud 1iitums Tnavesauaaeanuiszinuiveg seeglugll
YOIYTIANIUN Y TUVOAY (Internal friction angle, ¢ )
v a a A ds! I o 9 [ = v o A
3. vmaveussauaumu i uilsngsuduasintannudn tazuseansiiesnin
usasuAumudegnaunda linsziinszeznilsluamwuesnnuge Taangwaeaiunaniy

a =R

Y
AUDITEAUAUDNLAZNANINVOIULTIANT UV UAVAIVOIAUDL

Sliding Wedge

Sliding
Wedge

Assumed Failure Plane &+ Assumed Failure Plane

: 45"+ 0"
I [

(a) (b}

gﬂ‘ﬁ 2.8 ﬁzummﬁﬁﬁmumyﬁmm Rankine (a) Rankine active state, (b) Rankine passive

state
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Backfill Surface Backfill Surface \
= l 3 Py

0, R

Pﬁ. H Pa H

H H
3

:?l YHK P ‘1’ vHK ,

(a) (b)

319 2.9 ussauAuMUT AN B Rankine (a) Back side vertical, (b) Back side inclined

a ddy Yo [} 9 o 1 1 =< Y a
avuag VeI 1asumssensuuaz lFaled1awivats dainauuagu
,&I ddy [} % I a @ v A o A YA 1
wugwveamguileg luassnbanuiuaianmin uadiesanramsmuiui laiamnnna
I a = o Y o v oa Ay Yo yaddydd 1
anudluvsseganios v limunsnuaui lavhimsoenuuualredsuvdivina vy
AP MIAIUIUNIUTIAUTDUA T ANFUNIAUHATINUDIUTIAUAU TaANTHa A
1% go’ a <3 a 1 4 Y] ao’
useauit Tuduiarnervuazamited luan11201ua (Long term) SIAUUIHINIT D
o Y Y [ o . o 5.! 1 a a0 g o 1 o [ =l
Anam 1dde Fumninsay Hydrostatic (4sauarmnuiiauiugud) uadrmsunsal
=Y 1 9.! ) (%] 30’ =) 1 1 %
vosaumnen luan1iz sz 11811 (Undrained/Short term) 11539111 uAME IAUMIAUNET I
Y v ) Y
VYOUFIAU Hydrostatic ttazusaauiinaiuny #ealumsmuaminsadusiaiunuiivinlden
9 g ° v a Y 9 N S 2 v Y g H
Aremailod TumsmuusIauauRIUIT IR UMl duaa et Tuaniz ldsz uie
301 o w Y A a a Yy d‘ = 1 (% o v Y
11 MR TUNIULTUROUVBIAUIAVVA 1T UAIAINAA0AAIINAN IMIAUAIAIAIUNIULT
A 1 Bo’ [ Q( a
mouluangluszuei (S,), (qudud vonyagy, 2555)
2.5.1 USINUAUMUIN U AADDUAINUA NS (Active earth pressure)
Y 1
aumsussnuauaiud sz aninacnsoadialancdl 1ngUa 2.10 luanainy
A Y A =) A % o v A a Il 1A Y
GuAun Nl sadouA1voIMUNINUAY Audzegluaniizogia (Atres) AINIAY
Uszantwanansldqsisnan a (U 2.11) sunsznaullomuminuduis uadouA109n1H19910
a 9 A A = o Y 9 Aa a =l Y
waau lnedneiiovesgi 2.1 Feezihldanudulszdnsnalunuiueuiismaniiosas

=1 o 9 = ~ lé’ A a A (% o v A
%QVI"Ile’Nﬂf‘]i]i]@iilﬂllﬂﬂﬂclﬂmuﬂluliﬂﬂﬂ ATUNHANITTUNTITLAADUAIUDINTUENINUAY
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< 4 v v W Y < . @ A
%uﬂ§$1/1Q'Jﬁﬂallll'ﬁ']iulﬂﬁllﬂﬁﬂﬂlﬁu"ll@UL"U@]?‘I'J’]NL!"UQLHQ (Failure envelope) ﬂﬂllﬁﬂﬂiugﬂﬂ

=

J a A a oa { J o a A | - 1 %
2.11 NNy CLlﬁ@\?')\‘]ﬂﬁllllﬁ]ﬁﬂi$ﬁﬂ‘ﬁWﬁ“l/'li]ﬂ')‘ﬂﬁ Tﬂﬂﬁﬁmmmuﬂimmwammu o, G’]?Q

Q

=

1] Y 1]
AWTIAUNYAUTINI 133AUTZANTNANAN1IZ Active YO Rankine (Rankine effective active

pressure) 1182 5¥ UIVYDAUUITTAVLMIYWNIND 45+E pIMAVUUINDU A Tugn

2.10

<+—— Wall Movement

—_— - -

/ , \

T - | o, 95 |
A | | \

h \

Failure Plane | = o' =K 5 —» «—0c =K g’ |
| h 0y h a v |

| \

I T ? |

! At rest Active )

N -

319 2.10 MRVt luaN1IL Active

Shear Stress

\

r f
Ty Sh Koow Ty

Effective Normal Stress

a

317 2.1 Mohr circle HaagernIUYBINUILT ULDAUNTA TUANIZ Active
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o =) o ) o 1 Y [ [ Y [ <3
ﬁnJWiﬂuWiﬂl,"UEluﬂ’313Jﬁ3JWHﬁi$W’31\1ﬂ’Nlll,‘ﬂuﬁﬁﬂﬁlﬂﬂlull,ﬁgﬂ’ﬂilmuﬂﬁﬂlﬁﬂ
a A d‘ a oall Yo dy
YszAnSnanyaiiia laaail

o'\ =o', tan2(45O + %) + 2c'tan[45O + %) (2.6)

A Y o 1 a a ' [ Y v 3
10310 2.6 ANAUan lMlszantna (o)) MAY o, azANUAUNANIan

szansma (o'y) M o, sy
o' =o', tan2(450 - Q - 20‘tan(450 - ‘9 @.7)

o =0 K. -2¢'.K (2.8)

N = =2 A a
C 9 LUINYANUIIUDIAY

v a Y Y d' a A v a .
2.5.2 #3AUAUMUUVININDAMAAD UM IAUNIAAY (Passive earth pressure)
o o d () 9 £ zﬂ' v o a 2 d'
mmu“luﬂﬁmﬂlmmmuﬂumuﬂmmaaumﬂumaﬂu mgmm"lugﬂw 2.12 “l,uma
a a v v E) o = [ d‘ A 43@‘ d' g’/
AUILINANTOAA NV I UL A UNTIAU THHWIUDUMNUA U (31N 2.13) 2908 c IUNTEN

v

H 9
nAaAIIZNAIaAn (Plastic state) N@A12z U IAUAUA N9z AnTHavzTamIngad

Y

1 [ [T 9 9J a a d' . 1 d‘ [ A =
HNAULTIAUAUAIUY Y SE ANTHaN AN Passive (O p)“lummzmumu“luuumww

alszanann aaalugdn 2.13
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—  Wall Movement

Sliding Wedge

,( f f \
| G, o, |
J } | |
| |
: - - r)-h K()U\" - 4—613 7Kpc\'ﬁ :
| |
| T T |
| At rest Passive J
] s | s
=== ==
= a A a .
E‘]J‘V] 2.12 mia‘ummmugluﬁmaz Passive

7

a

&

Passive

e

it /

=

W

c

(- ' ’ ¥ [ -
Oho KoOhw O Sy Sh =5

Effective Normal Stress

51N 2.13 circle HAAIADIULVDINUIBLTUBAUIIA 1AL Passive

U

Y v
AU MNFUMIN (2.8) 32 1a

o =0 K, +2c'./K (2.9)

A = A a
C 9 LINYAULTHYIUDIAU
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' v
astiaumeIduarluaniig luszuietil usadud 14919593 (Total lateral earth
o Y @ < = = A T W
pressure) ﬁnJTiﬂﬂWu’)mulﬂiﬂElfﬂﬁﬂ"llfJUL"lIGIﬂ'JHJL!GINLLi\ﬁ'HJ qseym&ﬁa@mumﬂuummmu

o [ &y/ v A £ 9 A . . o Y
AUY =0) a3UU HIIAUAUATUVINTIUNTNIIE Active LAY Passive mmmmmm"lﬂmﬂ
9 u

o',=0',-2S, (2.10)
o',=0',+2S, (2.11)

Li' v a a a Li' . . s 1 d'
1INAUNITIN (2.8) Lag (2.9) USIAUANYTEANTHAN AN Active 1A Passive UAIN

' Y ]
invuaunNan luilenduduase (Linear function) sauaasluzii 2.14 &1 ¢'=0 ms

]
a2

v a A . =\ 1 IS A A A ' a a
NITIWVDILIIAUAUNTNIIE Active ﬂgﬂgﬂﬁ'lﬂlﬂuﬁ']ulﬁaﬂﬂﬂlﬁﬂﬂﬂﬂﬂ o', =0 sgnHiau

Q a 1]
|¢1'Q'¢g I

VA L A ' ' ' A g Aa a = o o
UALNB C UATNINNIT 0 ANV O, ﬁ]guﬂ']lﬂuallﬂw/}ﬂu LAZUATN Wuﬂlu%uﬂﬁgmlﬂuﬁuﬂ

=~ = A a = ~ ' = . = A
NANNAN Z, ISYSIINHIAUIN Z, Liﬂﬂ’ni‘ﬂ)’ulli\?ﬂq (Tension zone) IINHUNITIN (2.8) LD

Y
o', =0 la
2¢
Zy=—"F— (2.12)
7'VK,
20K,
i
i
|
| v
H | H T
\
| z
\ P
‘ a
\ FH-)
4 a4l \
‘ § ‘ } f A }
K,vH K rH+2¢vK,
Active Passive

310 2.14 MsnsznesIAUAUAITINANIZ Active 1Az Passive
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a o v Aa I o a v =2 o Y 12 A [ = 1 o g‘;
ﬂullagfﬂLW\Nﬂuﬂulﬂuﬁﬁﬁlﬂuag%uﬂﬂuﬂﬂﬂ'lblﬂllﬂﬂﬂﬂﬂﬂu!Lﬁ\iﬂﬂigﬂ?%‘i'}ﬁﬂﬂ\i

a dy 1 a dg! Yy 1 Y a g . o A .
ﬂﬂwuﬂu"lmmmmu"lﬂ ﬁﬂwaﬁlﬁmﬂlﬂuiﬂﬂl!ﬂﬂ (Tension crack) ANMUAUNTNIE Active Glu

1T g J o v A $ g a [} 90!
Tauseasaalianiugus dvsvauounduaumiionluaniig hiszuei (¢9=0) Teunsa

[

= = A d o o 9y dy
ﬂ\?ﬁ"]iﬂﬁﬂlfllﬂulugﬂl!‘ﬂ‘ﬂﬂl@ﬂW?i?NmﬂiﬂTaﬂi'JiJulﬂ JU

Z, = 25, (2.13)

/4

TunsainauaumumaImunadesiiyy £ nbuurueu (U7 2.8) Taenauuali

[

< 2
WS ATIANTUTEHINAUDUNUAINUN ﬂzmmmmﬁmﬂizﬁwmm@u@uﬁ'm%’w”lﬁ’ JU

cos 3 —+/cos’ 3 — cos? ¢!
COS B +4/cos? B —COS ¢

K, =cosp (2.14)

COS 5 ++/€0S° 3 —C0S’ ¢'

(2.15)
Cos 3 —+/cos? f—cos’ ¢

K, =cosp

d‘ 1 = =2 a
o ¢ Ap yu@samuMeluyeal

B AD YUTTHINFIVOIAUDNAULUITIY

=
2.6  NYHHUIINUAUYDI Coulomb
< I~ a I [ A, o v Aa A,
Coulomb Futludanswmadsuaea lawanIsnsd1u s sssuauaiuiialag 143
. =} o & = & 1 A . & a ]
Trial wedge 141 1776 FuTunaunoUNUIAAITTBNOUN Rankine FUTUIAINTBIIOINYHIZ
o = v A é’ v a Y 9 A o Y Qddy ) =
WAMQBRUITIAUAUVDIUVIVUNT UIIAUAUMUTNINMIUINAIBIT UV UTIAN Y
5¥1INRIVIAUADA TN INIIITMsud e nazduon liegluszuiusiy Tums
o Jas .. erer . [ A =R A o ° A
MUz 1975 Limit Equilibrium aanaaalugin 2.15 sadvdnms lumsmuiune
a A vad
- unduuiandiuly e
A A A 1 A A wua d y a £ 4 A o 1 Y a A
- Wasanaunegteuu ATl ufeuALFWALY tazruIINnIzidenouAnl

] v 9
- L'a’f]ﬂﬂ1§"]°ﬂ GU’ENLLL!’J%L! G'Timﬁammmmz“lﬁ'ﬁmaummu@uﬁﬁu%’n 1 A7 U

v A 9 9 A =~ v a Ao Aas
L!,’NﬂuﬂumeN’g;m‘ﬂqmﬂgﬂuuﬂﬂuﬂuﬂmuamiﬂEn‘ﬁﬂum Coulomb
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A = d axdq Y v A F) 9 Y o a £ [
HBIIINNHHHUDN Coulomb Lﬂua‘ﬁﬂﬁlﬁvmuimu@ummﬂﬂﬂﬂi%ﬁuﬂizﬁﬂﬁuﬂ@u
Y

[ g’/ an dyd [} Y v A d‘d o [ o
ATUUVN ﬂﬁuu’J‘ﬁﬂWiqulliJﬁWlﬂif,‘lcl,“lfﬂﬂﬂuﬂiJ“I/]iJuﬂ’iuﬂfmﬂﬂWEJu@ﬂlﬂﬂiZVﬂ

v
=1

319 2.15 Free body diagram TunsginAaus AFeANIUILHINAUADMING (Active)

A o

v
fcmmﬂumﬁﬁmmLmﬁ’uﬂuﬁﬁwﬂﬁaﬂszamwam'eN Coulomb UAIH

P Z%JHZKa (2.16)

sin(a —¢')/sina

"= sin(¢+d)sin(¢'- ) 217)
1/S|nioc+5i+\/ sin(a—ﬂ)
P, :%;A—IZKp (2.18)

K - sin(a +¢')/sina (2.19)

|-
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e o Ap yuAnAImumINnIZiIALILITI
A9 YUTIANIUTZHIIHUTIMUNINDAY

£ A9 YUITUINAIVOIAUDUALLUITIY

. a a va g v
ﬂ”lﬂ“l/li]‘ﬂf]&llf]ﬁ Rankine tt8¢ Coulomb ﬁllll@]'l']izu1ﬂﬂ1§3ﬂﬁlﬂullﬂﬂlﬁluﬂﬁ\1 G?N

a wva A

Aa dy 1 Y a A = A o o Y
auuagiuil hildduSuave 1 ifiesanravesns udsanmuimunsir ldssuiuivana
a o o . [ I . . v &
anuIdsusnaIndgwesiums @waaslugl 2.16) Tanvuziilu Logarithm Spiral Agtiu

]
a

@ ) 1 < a 1 o ]
luanne Active ussauaundivia lduanuuand19ananudluase luuminua luaning

9
v

o 1 1 J U I a 4
Passive Ha91NM3f1UIMIULANMIAnA A UT9ge (Hargandianuiuasaunn) Wiesnin
paveusudsamunmunai sz unviiamannuIdwina lndg 1uvesmun (dauand
Tugi 2.17 wwRedInUan1Iz Active) Terzaghi (1954) WUNNANIL Active IZUIUMIITAN

4

(% A < Y [ A = J < a o '
aﬂymzmﬁlmﬂmﬁumq ﬂ@]'ﬁ]LﬂJ@leJlﬁﬂﬂVl’lUﬂ’]ﬂiuigﬁﬁ']\ull@ﬂuuagﬂ'lu‘wq (5<§)LW]

1 [ A was . 2 1 a .
E]Eﬂ\‘]lliﬂgnll igu'lﬂﬂTi’J‘UﬁﬁﬁﬂTJg Passive uuﬁﬂﬂﬂlllmﬂ@]']\?ﬂ1ﬂﬁ3J3Jﬁj§1u"Uf]\1 Rankine 4o

P

i1 4
Coulomb 8819310 1oy (& > 3 30 10° yu 'l

«—— Wall Movement
= =) S =

True Failure Plane

319 2.16 3zUMINIaI luan1ig Active
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— Wall Movement
e e e Sl el s s | e T 1

S B e

37U 2.17 38UM3N1TA93 9 IuaN192 Passive

@ @

tindevaeiuldnneunm K, dieszuuialidluduase iy Packshaw
(1969) AUUATLIUMIITA W UANHULUVUINAN 130 Shields and Tolunay (1973) auNA I
s2MINATUUDY Logarithm Spiral tag ldaumaiwuuiiassniminisesiuaumnn'ld
fignieomni szuumsiiadulnaianumzduiuy Logarithm Spiral ananh

Shields and Tolunay (1973) tauesil K Tuns@lvestumaasodlunawazinse

aweglunuiueu (£ =0) dwaaluaisian 2.2

13197 2.2 MdNszdns K vod Shields and Tolunay (1973) e (B =0)

" o
0 5 10 15 20 25

20 2.04 2.27 2.47 2.64 2.87 3.06
25 2.46 2.78 3.08 3.34 3.61 4.00
30 3.00 3.44 3.86 4.28 4.68 5.12
35 3.69 431 4.92 5.53 6.17 6.85
40 4.60 5.46 6.36 7.30 8.30 9.39
45 5.83 4.09 8.43 9.89 11.49 13.20
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o

2o Y ' A o 1 A
LAZUDNIINUIIN 1]’]@5@']1! BS 8002 (1994) ulﬂ!ﬁuﬂﬂ’] KpH ﬂﬁmﬂ']llwqagﬁlulluﬁﬂﬂ

uazgimswavegluuuinen (B =0) lugiuvvvesnsl G 2.18) mninrsannsdin e

o ldun 8 =0.66¢" anusainduanwmn@ewduaumsdinsuldan ¢'=10° —45°

9

Q
1aeais
Ko =K, C0s0 (2.20)

Koy =1.9x10°(¢')" —1.56x107°(4")° +0.051(¢')* —0.634(¢') +4.20 (2.21)

Py ==HK,, (2.22)

Passive Kp
100
90
70 3
60 Horizontal surface B=0
S0

wig —"T J B aERaEaaae
e

s  FOTYE T
' T ', 1 FOURE TN DO Thus ! i s
Lh0ent POk P b P
20 0 b ' " 1o0a11
1 " 7 o |

0

‘ it i : 40’ 0.66 :
1 1 T B E S D480 101 i) 1 el 1 P4 V4
1 I : m:tﬁl 3 Ayx:ni it 1 1 1 ' .I‘ : T i . f

d. I 1 S i1 i | : e
} i Wiallie ‘HHI'H TH W H‘l"l I 18 « I 11 Pt ML 19
H N | H HH R B HHIH JHHH : H R
| I T R 1 e % HH
mo IH 1 T 1] 3 3 ) 1 H -

80
7.0

6.0 - o %e'=0

{%?
§3 221
N
ﬁ 3

T

Horizontal component Kp
o
o
3

&0

3.0

~

o

it

$H
S

b
k—t’
_-0—
313 g
- —
=328k
& ?E

Ui 2.18 naluaasaudiuEIEnd Kl ¢' (BS 8002, 1994)
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= o
2.7 1@0UIMNVIIMUNINUAY (Stability of Wall)
Y
mseenuuULaz T MumruauiuazMilsduadosainvesmuniogaos
Usemsie mMunedealiadesnnaleuen (External Stability) taztadesninaiely (Internal
e % d‘ d‘ o d' ~ g‘u U Y a a oA a
Stability) (9319 2.19) TasAmuwannam@desnnmeueniuszne WiNAMIILA Tuuradu
H v Y Y
Tuvairh Mmumanvnaedesmumelniuezne Ik inamsidavesdirlaseaie @desnins

O v v 1 @ a PR a 3 =~
ﬁmu"lmmwmuwuﬂ%mmaﬂu uaﬂumi’smﬁwumzwmimmﬂmﬂuﬂmaaﬂ"lﬂ

(a) (b)

tﬂ‘ J = J =
E“]J“VI 2.19 (a) MUV IALTDYTNINNGUBN (b) Munavaedes el

@

o o a gé I = o v A Ao Jq 9
ﬁ?ﬁﬁﬂiuﬂ’]u')ﬂﬂucﬁ\uﬂuﬂ'ﬁ@]3'3%ﬁﬂﬂ!ﬁﬂﬂﬁﬂ']wallﬂQﬂTLLWQﬂuﬂuVIHWNWﬂigEJﬂ@]1515

[

< o o % < i
Lﬂui%ﬂﬂﬂ’]L!Wﬂ‘ﬂ@ﬂﬂuuTﬂ’JN Flood Wall mefl ymmaﬂmm%ﬁuﬂmmu Cantilever

De
De

9 1
Sheet Pile Wall muum?\aimwmmﬂ°1u,1,°wwuﬂumuaﬂﬂummﬁmmuﬁﬁmag Passive UD4

U

a v a A @ a wa I o J [

auldszauau anvazmsiiavdunuuvyusouya o lndnugadatovesmiung (A
A v A a g Y o v a A v v o v

ut’f@ﬂugﬂ‘n 2.20a) AU AUBDIAUATUT UINIUNINUA UV U DA Ollagﬂ'IUWa\ﬂﬂWLLWQEl@ﬂﬂ

1A @ { ' 1 3 @ @
0 2z8gNdNIZ Passive (Aatanalugln 2.20b) udod1a lsdmudnyue MInsznovewsIa Y

Y
a = 1 g}z d’

I =1 J a J A v 9 A .
ﬂuuLﬂULWﬂQLLﬂQﬂNﬂWM'IHH He991n 1Ml asunlasveussauaumungnig Passive
[l [ @ 9 9 "9 @ o A g’a (=} a d%‘ 1
DYNRUNAUIINAIUNUIFATUVT AIVUDINTLNING Oummmz”luﬂammﬂmumﬂ 1359}

' 2 A g ) & 1 o o 32 A A A
E]EJ'I\‘lul'iﬂiﬂ']ﬁJl,W@Lﬂuﬂ']iﬁ'i'l\iﬂ'ﬂﬂilulﬂ'ﬂﬂuw\l\?ﬂ@\‘iﬂuuWu%%il!ﬁﬂﬂiﬂWWﬂWﬂu'ﬂﬂ‘VI!‘WENW’E]

=K 9 o a <Y ax .. A g A @ a A
WANNINTUNTIEVIAIYIT Finite Element Method LW@Lﬂuﬂﬁﬂuﬂuuﬁ%ﬁgﬂNﬁ@ﬂ1/1
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\ [ AT e —_ ) S —
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\
\
\
\
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\
\ .
| Active Active
\
\
Y
FIETETE W 4 TEEIEEE
\\ Passive - d
O-—— Y LA R
I Active 4 d C|
. Passive
Passive
(a) {b) (c)

~ v Aa k) Y A o 1 . .
g‘ﬂ“l/l 2.20 UINAUAUATUVNINNTENIAD Cantilever sheet pile wall

Y 9
ISP

) o = J o ¥ =2 2 Ja
ﬁTWT]JLﬁﬂﬂﬁfn‘anEJGh!sU@\1ﬂ1LLWQ‘ﬂfJQﬂuuTﬂ?NiuﬂTiﬂﬂHTﬂﬁQuuu 2219753

De

=

1 4 A . A a Aa
ﬂﬁ?%ﬁi’)‘ﬂjﬂfJVHﬂTINLNUQLLa&ﬁQLﬂ@uﬁJTﬂq@‘Nﬂj‘]_jﬁllﬂﬁil Plaxis 2D Mnavyulunsaing
Y

v
a oA =

a ' A o a o 1 s A A
ﬂ’J”IJJLTcTEJW]’e]miTlJmeVIQ(ﬂ LW@U]N“IEEJULVIfJ‘]JﬂL]Jﬂ’]TﬂJUJu@Llagllﬁ\uﬂ’ﬂi‘!ﬂIﬂﬁ\jﬁ§1\1

2 v

o v g 1 [ 1A 1 1 dl (% 9y 1 o dyd = d'
ﬂWLLWQﬂfNﬂu‘LﬂTI’JlIui‘Ullﬂ W1ﬂul,mﬂuﬂ’ﬂﬂﬁ/]8@11‘iﬂulﬂl,l,ﬁﬂ\i’NﬂHLW\iumﬁﬂﬂﬁfﬂWfﬂEJGlu“VI

o Y

~ 1 9 a d‘ a dB! dy
INEINDADNITATHNITIU wmfﬂfnzm@muu“lﬂ

28 goaniansduruiaz lvarmvuveain

a & 9 S a Aa 1 @ '
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2008)
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3.25  MINATIUNERNTAINHNIATFIY (Standard penetration test)
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33 mynaasunaeNlAvesanlufelfjinms
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(3.3)

d‘ A [ ao‘ 1 a d‘ Y d‘ . (%
o Aud A9 ANUAUUITIUNULIUDINNANUA UL Y (Deviator stress, AO'd)LmZ A a1l

@ 1

¥ ¥ 2 1w U % a
11l5A21uAUN1U09 Skempton (Skempton, 1954) AU 5HILVURENLOATIAIUNITOAA LAY

U

0@ (Overconsolidation ratio, OCR) w93y 317 3.14 uaasdledisqumiengunninma

MIITAEIe91MIRIY

31N 3.14 MITAVIAIE19AUHHEINAININATOD Triaxial Test



53
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(1) Young’s Modulus (2) Poisson’s Ratio (3) Cohesion (4) Fricton angle (482 (5) Dilatancy angle

3.44 milwes (Poisson’s Ratio)
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(K) Sl dndulumsdgunesmmualiedlugag 0.49 < v, <0.5
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A135199 3.1 AONTIEIUTIFDIVDIAY Bowles (1996)

Soil Type Poisson’s Ratio
Clay Saturated 0.4-0.5
Clay Unsaturated 0.1-0.3
Sandy Clay 0.1-0.3
Sand Dense 0.2-0.4
Concrete 0.15
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- nageumatonnounsanny 11U1ane (Schmidt Hammer Test)

- NAFOUYIAWNUIVD UV ANIETY (Ferro Scan)

- NATOUMAIAIVDUNANATUARI8IT (Hardness Test)

- nadeumatonllszasveinounsa (Ultimate Compressive Strength)

4.2.1 pamsnaaeumadanaunIauuyliiials (Schmidt Hammer Test)

M3asIvdouMatoanouns e luauuy liiiaisnuuasgiu ASTM C805-13a
lavimsguastrdeumaoanouninued Ins a3 19mMUNIs UL 5 99 A raRims
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BH | Type of Structures Schmidt Hammer Readings
Range of Data Average | SD
Pre-stressed Wall 71.5(73.5|72.0|75.5|72.0({73.0/72.0|73.5/72.0| 72.8 1.25
RC TOP CAP 66.0(65.5/66.5/65.5|66.5(65.5/65.5/68.0/67.0 662 |0.87
1 | RCTOP CAP 68.5[66.5|67.5/68.0/67.0(65.5(68.5[67.5/67.0/ 67.3 0.97
Pre-stressed Wall 65.5/65.0/60.0/73.0|71.0(68.5(70.5/71.0/69.0| 68.2 |4.02
Pre-stressed Wall 50.0{51.0|56.0|53.0|54.5(53.5|54.5|57.0/54.0| 53.7 |2.21
Pre-stressed Wall 66.5(72.5|67.5|73.5|75.5|68.5/69.5|/71.0/71.0|  70.6 2.92
RCTOP CAP 65.5(65.5/65.0/68.5/68.0|68.0(68.5(68.5/69.5| 67.4 1.65
2 | RCTOP CAP 68.0(65.0/66.5|65.5|67.0(65.0/68.0/68.5/66.5| 66.7 1.32
Pre-stressed Wall 75.5170.0|72.5|71.0|75.569.5|71.5|76.0/ 75.5| 73.0 |2.63
Pre-stressed Wall 44.0/140.0|43.5/41.5|46.0|46.0{45.5|44.5/46.0| 44.1 2.15
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A15197 4.1 waM3taAMIazNeunduveda3a BH-1 84 BH-5 (79)

BH | Type of Structures Schmidt Hammer Readings

Range of Data Average | SD

Pre-stressed Wall 68.5/169.5|71.0/169.5|70.0/69.0/70.5|74.5/70.5| 703 1.75

RC TOP CAP 55.0/55.5]55.5|57.0155.5|51.5|45.5|59.5|52.0| 54.1 4.02

3 | RCTOP CAP 54.5/58.5160.5|57.0{53.0(56.0|54.0{56.5|56.5| 56.3 231

Pre-stressed Wall 72.0|72.0|71.0/66.0|64.5|73.0|65.5|72.5/66.5| 69.2 349

Pre-stressed Wall 66.5/69.5(65.5/67.0/68.5|71.5/66.0{69.5/69.0|  68.1 1.98

Pre-stressed Wall 71.5167.5169.0|73.5|70.5|75.5|76.5|74.5|72.5| 723 3.00

RC TOP CAP 66.5/65.5(65.0/67.0{64.5/67.0/65.0{65.0/64.0]  65.5 1.09

4 | RCTOP CAP 67.0/65.5/66.5/65.5|67.0{66.5/65.0|67.0{67.5| 66.4 0.86

Pre-stressed Wall 70.5(71.0|76.5/69.0|73.5|72.5|74.0/72.0|/74.0|  72.6 2.24

Pre-stressed Wall 55.0{56.0(57.5|54.0/58.5/61.0/53.0{51.0{56.0)  55.8 3.00

Pre-stressed Wall 70.0(74.0/70.5|74.0/70.5|70.5|72.0|71.0|73.5| 71.8 1.64

RCTOP CAP 55.5/58.5(58.0|161.0/60.5/61.5|54.5/58.5|60.5| 58.7 245

5 RCTOP CAP 66.0/65.0(66.6/68.5/66.5|68.5/65.5|68.0/67.0]  66.8 1.27

Pre-stressed Wall 72.0173.5|74.5|/75.5|72.5|73.5{75.0|/72.0|72.0 73.4 1.36

Pre-stressed Wall 40.0|142.0|42.0(43.5|44.5|40.0{41.5|43.0{45.0| 42.4 1.78

4.2.2 HAMINATD U HMUHIUIVOUHANEIN (Ferro scan)
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{ U o o ] < a
T]J‘ﬁ 4.2 MINAFUAITIVN UK UUHANLITTV (Ferro scane)
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gﬂ‘ﬂ 4.4 szezvingveuvandinlu Flood Wall (Gﬂllll‘].l‘llﬂﬂﬁ%lﬁ)

A U o o v [ a
ATTNN 4.2 HAMITFUATIVNUNRUUNANIAITV Borehole - 1

66

Type of steel reinforcement

0.15m
No. Type of Structure g
Stirrup Reinforced 3, TOP CAP
F-1 | RC TOP CAP 20 cm. 15 cm. |
FLOOD WALL
F-2 | RCTOP CAP 20 cm. 15 cm.
F-3 | Pre stressed Wall 10 cm. 10 cm. § ; |
F-4 | Pre stressed Wall 10 cm. 10 cm. o
A 1 ) ) 1 < a 1
A19199 4.2 naMsguaIsIvIILUIanasy Borehole — 2 (ao)
Type of steel reinforcement 025 m
No. Type of Structure B
Stirrup Reinforced g TOP CAP
F-1 RC TOP CAP 20 cm. 25 cm.
FLOOD WALL
F-2 RC TOP CAP 20 cm. 25 cm.
F-3 | Pre stressed Wall 10 cm. 10 cm. S:
F-4 | Pre stressed Wall 10 cm. 10 cm. olom




A 1 ) o 1 <3 a 1
ATTNN 4.2 HANTFNATIVA N UUNANATY Borehole — 3 (919)

67

Type of steel reinforcement

No. Type of Structure

Stirrup Reinforced
F-1 RC TOP CAP 20 cm. 20 cm.
F-2 | RCTOP CAP 20 cm. 20 cm.
F-3 | Pre stressed Wall 10 cm. 10 cm.
F-4 | Pre stressed Wall 10 cm. 10 cm.

0.20m

020m

0.10 m

0.10m

TOP CAP

FLOOD WALL

A 1 ) o 1 < =y 1
ATTNN 4.2 HANMTFUATIVAN N UUNANTITY Borehole — 4 (a9)

Type of steel reinforcement
No. Type of Structure
Stirrup Reinforced
F-1 RC TOP CAP 20 cm. 25 cm.
F-2 RC TOP CAP 20 cm. 25 cm.
F-3 Pre stressed Wall 10 cm. 10 cm.
F-4 Pre stressed Wall 10 cm. 10 cm.

025m

0.20m

0.10m

0.10m

TOP CAP

FLOOD WALL

A 1 ) o 1 < a ]
ATTNN 4.2 HANTFUATIVNUUNUUNANIATY Borehole — 5 (910)

Type of steel reinforcement
No. Type of Structure
Stirrup Reinforced
F-1 RC TOP CAP 20 cm. 25 cm.
F-2 | RCTOP CAP 20 cm. 25 cm.
F-3 | Pre stressed Wall 10 cm. 10 cm.
F-4 | Pre stressed Wall 10 cm. 10 cm.

025m

0.10m

0,;0_111

TOP CAP

FLOOD WALL




68

4.2.3 NANMINAADUMAIAVDUHANAINGIEID (Hardness Test)

Y

Y A a o @ W = <3 A A ] 9
Ao ldqunaaeivedsziumassvussevounanasuioglulnseaieves Top
Y H v
cap t1ag Ing a1 amumanuiinIuNIAT§Iu ASTM A956 nanadouh lanaudaasluaisien

Y Y J o W W = [ <3 A Aq Y
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IS 1 J d’ = A 1 o v W = (3
[NV 1Ullluﬂflﬂ’3'l 4000 ksc. Wenfeumeununanadeuluauiunumassunsinlseas

Se

[ Y 1 v 9 Y o Y o ES o v w =< @ <] = ]
’Jﬂulﬂllﬂ'lll']ﬂﬂ’JWt%J@’é]ﬂlL‘iJiJllﬂﬂ']ﬁuﬂll’J muummiumqmﬂizamjmmaﬂmmeg"lu

=Sh.

s Y ° v
Lﬂm“ﬂﬂﬁjﬂ@ﬂllﬂﬂﬂTﬁuﬂkl?
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Ssni']\‘]ﬁ 4.3 Wamiqnmm%mmﬁmmﬁqmza&mmmaﬂmm

Type of steel Yield strength of steel
BH. Type of Structure
reinforcement bars (ksc)

RC TOP CAP RB 4097.9

1 RC TOP CAP RB 3384.3
Pre stressed Wall Pre-stressed wire 4740.1

2 RC TOP CAP RB 6860.3
RC TOP CAP RB 5677.9

RC TOP CAP RB 4699.3

Pre stressed Wall Pre-stressed wire 7604.5

’ RC TOP CAP RB 6401.6
Pre stressed Wall Pre-stressed wire 7349.6

RC TOP CAP RB 7247.7

Pre stressed Wall Pre-stressed wire 5861.4

* RC TOP CAP RB 6299.7
Pre stressed Wall Pre-stressed wire 5190.6

RC TOP CAP RB 4617.7

’ Pre stressed Wall Pre-stressed wire 4434.3
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4.2.4 pamInaaeunaIonilszasvesnounia (Ultimate Compressive Strength)
o W w o A Ay Y [ ] 9 as .

Minaaeumalonllseasyesnauniai lnvINmMsNUAIB819A2875 Coring Tuauiu
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oatlszdovesaredensunia Mnrwanadeyludosliamsauuiasgiu ASTM C39/
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C39M WuMasoatszasuesnounia luallasaasenunanUiIuA15E 119 352.2 D9

v Ay Y o YR 1 o v w (% 9 Y Aq ¥
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o Y AR v
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ﬁ?u]ﬂﬁﬂﬁﬁ]ﬁﬂl@ﬁ Top cap ‘mﬁumﬂﬂidﬂmﬂmqumamle ﬂT!LWQ@Qiu&Lu’J!ﬂﬂ?ﬂullaz151)'

A3
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Y]

suszauinasmuns aniudaoudslinnudirgunlassadindn @ laseademunani
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A3

’o’ 4 a a 4 ] 1
1) Weld lumsinsaaenmsimesfennt (Equivalent Parameter) 192 1% Input 11 14)

Y v
luaa115un5Y Plaxis 2D 911U HANATBUMA10A152A8UDINDUNTAAILFAIAITIN 4.4

A1519N 4.4 HANMINATOUMBIDAUTEAIUDINDUNTA

Type of Sample
Compressive
BH. Type of Structure Weight Diameter Height
Strength (ksc)
(2 (mm) (mm)

Flood Mall TOP CAPF 59154 44.52 4334 191.37

Flood Wall Body 15821 4430 43.14 414.94

1 Flood Wall Body 159.99 44.80 44.72 422.84

Flood Wall Body 310.2 44.10 86.98 407.22

Flood Wall TOP CAP | 159 5 44.52 4334 191.37




Q13197 4.4 NaMINaFaUMAIeAszaveInEUNIA (AD)
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Type of Sample
Compressive
BH. Type of Structure Weight Diameter Height
Strength (ksc)
(@ (mm) (mm)

Flood Wall Body 324.13 43.90 88.96 352.17

Flood Wall Body 324.09 44.02 88.72 370.09

) Flood Wall TOP CAP | 319 g) 44.11 87.64 23451
Flood Wall TOP CAP | 593 47 44.94 87.16 229.44

Flood Wall Body 324.13 43.90 88.96 352.17

Flood Wall Body 320.67 44.10 89.52 415.82

Flood Wall TOP CAP | 3, gg 44.02 88.74 225.11

3 Flood Wall Body 303.75 44.06 86.28 418.83
Flood Wall'TOP CAIT==547 3¢ 44.04 85.20 199.05

Flood Wall Body 320.67 44.10 89.52 415.82

Flood Wall Body 321.98 44.00 87.96 395.45

Flood Wall TOP CAP 1" 37 ¢3 44.12 86.48 190.56

4 Flood Wall Body 330.94 43.74 87.80 413.15
Flood Wall TOP CAP | 31 5 44.12 87.66 186.09

Flood Wall Body 321.98 44.00 87.96 395.45
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A13197 4.4 NaMINAdeUMaIonllseasveInaunIn (A0)

Type of Sample
Compressive
BH. Type of Structure Weight Diameter Height
Strength (ksc)
(® (mm) (mm)

Flood Wall Body 322.70 44.00 87.36 434.35

Flood Wall TOP CAP 151.08 43 49 432 200.67

5 Flood Wall Body 313.59 44.00 87.36 416.88

Flood Wall TOP CAP | 594 57 44.02 88.54 183.55

Flood Wall Body 322.70 44.00 87.36 43435

43 PINATOLANANTANUGIUUDIAY
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d ad

- MINATOUNNADAADTIUTN (Atterberg Limits test)
Y

- MINATOUNIOAAIN1UT (Consolidation test)

- MINATOVUIIDATIUUNY (Triaxial test)

4.3.1 WaMINATOUNHAOAIADSIDIN (Atterberg Limits test)

minadeuninasamens nitelsafiuanuziaz ngAnssuvesdiedaaumiler
MWIATFIY ASTM D4318-17 gANATOUTIUIY 5 99 wamﬁauﬁ’mamﬁlugﬂﬁ 4.5 91NN5

' J 3 J é’ = A o . . .. v 1
nagounyINefiFuAANNFUNAINAAIMAT (Liquid limit, LL) UA1T£H 19 75.45 — 88.70
3 1A o a . .. A ' J J A
Wosiud uazAmAANaIaAn (Plastic limit, PL) NA138MI19 33.77 - 36.57 lodidud uaziiie
I3 Y o 4 U = o v v A a Aax o a an
nsumeuaNuFuius sz famalazAsiamM Wi aanveIs UNaAN AT
Unied Soil Classication System, USCS) Wud1egiilotdu A-Line tagogluToaunguues CH
Aumilgragnmuanaangs) Faeandesnranmsdrsraluauiumsizavenisaon SPT

] = g’z 1 = 3’; a =\ 1 a9
Gl,u‘]f’Nﬂ’Nll’dﬂﬂﬂlm -2.95 99 -10.71 WAT (FUAUMUYIDDU) UATUDYNIN
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80 T T T T T T T 88 T T T T T T T T
I Atterberg Limit Test b + Atterberg Limit Test g
78 L - Liquid Limit : 74.95 % | - Liquid Limit : 85.69 %
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4.3.2 AN SNATOUNITOANINIEHT (Consolidation test)
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4.3.3 wamﬂlﬂaamﬁeé’ﬂmmmmmu"lu'ﬁz‘mm‘h (Consolidated Undrained Triaxial

Compression Test)
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