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2.2.1 5~‘1J‘1Jﬂ'lll‘WéUﬂﬂﬂu(Flex1ble W )

, ﬁﬁm %QWW@ (}’ﬂ ?11) Fafiaaaiuad

ST '5@711"114s‘"%muwwuﬂuuﬂm:]aaummmmﬂmm (e u‘nuunmmawmmi

e TR Te b ki G

222 TUUAWMWILVULTI(Rigid Wall)
v
5UUFUNDU 15U Diaphragm Wall, Secant Pile Wall, Jet Grouted, Gravity

A a1 a
Wall, Burin Wall afimaavliuergs
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2.3 MIBATCHURUIYUIIAUATUUIN
a 4 o 4 o 1 a 3 '
1uﬂ15’3!ﬂ31$ﬁﬁ'llLNﬂileﬁHu‘fl"Nﬁﬂi%‘Vﬂﬂ@ Retaining Structure ¥NITAUIUDY 4

o &
U ANU

a 4 ] o a a
2.3:1 mnmswwwu’wuseﬂuwi’fnuuuﬁam (At Rest Pressure)

v Y v
Hlunsaiidundiiaaduags Tasasauuagiuidumslufimsindou

0, = K Oaaulay L., = .. (2.1)
O, = K oL, T e e (2.2)
o = O S IF PN i, .. (2.3)
K , = Coefficient of Earth P
. : A a AQ’I‘ Y =2 o 9y
Tavenas et al (19 » WAk luanmsssunanumldeninnaeriil

D

tivwl4gas Empirical A9T

‘ 4 & o
Jaky (1944) @uem K HeUuegni
ANITANUMU UL LIRE AT IUNITOALLIU 99 dmsunsgnianumuuiuliuna

177 N
(Medium Dense) L1 V* ‘

i - ]
‘AUEAneninens

A K dm5uAUHYY (Cohesive Soil) Brookes,and Ireland (1965) truef1 K | AU

iR UHA IR EN R s 0

MK, aziludaaumsi 2.5

K,no = 095-SIN¢' (2.5(1))
K, no = 04+0.007(PD (For40%>PI>0%) ... (2.5(2))

K no = 0.64+0.001(PT) (For 80%>PI>40%) ... (2.5(3))
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Alpan (1967) L&#U®
K,no = 0.19+0233Log®D) .. (2.6)
Lee & Jin (1979) tfUD
K,no = 024+03llLog®h .. 2.7)

Ko(NC) = 0. g(

Massarch (1974) (a8 {/J
—
——

30
o
23 L% o
b3 A . #,
£ 20
- > T—
E . i 16 \
= 1sfE
5 - \\
L 1
fo .
S ==
8 t =
,._—--—-—‘
o5
‘ J
°
) 70 ®

JUn 2.1 Kmﬂuﬂaf‘{%unu OCR 1182 PI (Brooker & Ireland, 1965)

mmﬂuﬂ’ﬂoﬂﬂm ANED T e

’sTiJ‘W‘Nﬁiw‘WJ'N K LJUBINCC U K ﬂlfN'()CC 1u5ﬂﬁ1]ﬁiﬂﬂﬂ'l OCR ﬂlﬂwﬂlﬂﬁfmﬂﬁﬂ 2.9

QW'\&NﬂiﬁU NNTINYTAE

ocR- L (2.9)

Koo = Kono

119 m = 0.32 019 0.40 319 PI IAUVAY 20% D9 80% Ladd (@uea1 m IUaun1s vl

Schmidth A931/71 2.2

Alpan (1967) 1e11® m = 0.54exp (-P1/281)
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0.6 l '
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0.2 :
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k WINNITIAADUAIVD NN
9 am a & o Y a
AUAUDDNINYIAAULTL B0 INNTYARAY 1 2.3(a) Mlfneaanasves

ﬂ'ﬁ dendaliuauey  vag@dinousalununfdiiingl sz

&L mamsﬁ W EJ Qﬂ ﬁauﬁwmﬁmwmﬁ‘lu

LL'U‘IJ Tilting Qg W'Nﬂﬁll Mohﬁ‘Wf’)ﬂ1WN’JﬂMiWﬂuﬂ1u‘UN ﬂ\ﬁ‘lj

o A1 0bikoahid ddidd S50 1 et won

uag mumjwa Nammw'uﬂuaumsmmﬁnwuﬁﬁmmam O \a 1 o,
v

1Adsil
o,.=0, tan'(45-¢°2)-2ctan@d5-¢°2) .. (2.10)

A58 Cohesionless Soil, C=0 awld
o, =0, tan'(45-¢°/2)



903189 o it O (58n1 Coefficient of Rankine Active Earth Pressure, K .

K.,= 0,/0,=tan@4-¢°2 .. (2.11)
- 3
ANUU

o..=0 K 2K,
N0 0,=0 o,=2CK N800, = . (2.12)
Nz=0 o,=yH o0,=0 KadGula Wl (2.13)
A58IAA Tension Crack
c.=0,K-2CK, =

-
z.- Z S FE CRAVANY .. (2.14)

Y

/ N -

AU’ ,;-'5"’w Jalic
AR RS RITHEAN B

"
gﬂﬁ 2.3 Active Rankine Pressure

\



Shear

A

s=¢ +olan ¢

Normal
stress

A5IVALDY 151AADUA T IMIA NI UAY

U0 i1 19059 IUUUIUDY YNNI

IUIUNTTNINIAITALUD Rankine

1119991NN1TYAAY A3

A A A

uselunnnfslimnsinie Bilt
T 5 "

Passive State 1ag 1919nauMohr e ¥ BMsIANAUMU19T 931 2.4(b) uEAI Mohr’

v @

Circle C Tug1 2.3(b) 910 geometis N aziduduie Ssmunsaldeudunis

mmﬁuﬁuﬁswiw "5-_—_-_-:“-_9_,—;2&{}:5- -

X

y

=0, £'§45+ @°/2) + 2ctan(45+ ¢ °/2)

0, = 0 tan(45+¢°/2) + 2ctan(45+9°2) ... (2.15)
= o/
A5 Cohesionle@cy (,EJ gﬁ’fw EJ ﬂ ‘j w EJ ’] ﬂ i
KLAESR NIRRT
v ! q = '
0A319IU 0,/ 0 15807 Coefficient of Rankine Passive Earth Pressure, K |
K, = 0,/0,=tn'45+¢’2) .. (2.16)

a1 c,=- ok+x2c/kK (2.17)

fiz=0 o0 o,-20)K (2.18)
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fiz=0 0. =yH o.=0.K+2CJK. .. (2.19)
vV hp vy p

' Y
dmfudumiion manegluanimdudidisinm ¢ = 0 uaz A1 C = SulpoAiSu v

v v
wsilasuauanuan A K =K =1 swnsomsuaums vy ldasil
a P
..... (2.20)

.(2.21)

(b)

gﬂﬁ 2.4 Passive Rankine Pressure
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233 MIMAAZIUYLIELTIA U139 TAsYaNN13UB9 Coulomb
v
AMSMAAZIUNUIONTIAIUD19 TAENENN15YD9 Coulomb (ca. 1776) A

9 a 1

VOAYATIUN
2.3.3.1 Wz dmsuy Homogeneous & Isotropic Soil A1 cohesion
2.3.3.2 Wall Friction ( §) %znmmmﬂﬁuﬂ %30 mnmmu Ald

2.3.3.3 Failure Wedge W30 Sliding Wedge i Rigid Body

a) MIMAALIUNUILLIIA
1IngY 2.5 Mg ewmmmmagu o AUUUIUBY
Tnsea$hs WuTasead18uanl i Grandar Soil Hirdwdosiny B Auuuaueuauiin

1w ot . 4 1 i
cohesiontNNUFUEY Wall Frigtion'( §) AT Max n Active Earth Force Y99 Coulomb Lflumu

(3 1“ | / R |

U 255ﬂ115ﬁ%ﬂ4Wﬁ4ﬂﬁ W%})ﬁ}ﬁﬁl 1°l¢’1'ﬁ:3mzﬁmﬁ'n

PR SES—
|
o

v

o

QW’W&NﬂiﬂJ 1NN Y

= —-7HK

a

sin (a+¢)

sin(@+0)sin(¢— L)
sin(a@—o)sin(a+f)

sin’a sin (@—0)
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b) NIMAALIUHUILTIAIUTIS Coulomb Passive Earth Pressure

131 2.6 Svualdiiu Retaining Wall Hduvdesiudesing o fuuwiuen

Taseard1a Wulaseadreiuauilseinn Granular Soil HAAWBIYL B AULLIUDY AUTM
"W 4 ' 1% .

cohesion NN FUY {IWall Friction (8) A1 Minimum Passive Earth Force U094 Coulomb i

v
[

91

o 4

[ . v
51 2.6 gdussAudnelu mb n3dl i dAuuaziimiin

N5
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23.4 m351% laozunsuvoUIUAYEIHLIBLTIAUANLIING (Apparent Pressure Envelope or

Pressure Diagram)

v vy
M35 aauaUaIud197INT2 760 Sheet Pile Wall 5211 Braced Cut W1 A1AALLd 18

v ¥
211N IUBIWS NS I UAUAIUD19910ID Rankine Earth Pressure 1uiiovinsely Strut

'
1

U 9 A a % 1 4' = U
W‘]J’ﬂﬂWlllﬂ ﬂzﬂﬁ1ﬂlﬂaﬂuﬂ1ﬂﬂﬂﬂl{|u%ﬂil'lﬂﬂﬁ‘}’lﬂﬁﬂ\nﬂﬂ'luiﬂ(lu Strut Tﬂmﬂsmuaag

v
v a

v v
110 A9 PN Pressure N1N5ZMIA0 Sheet Pile Wall 5211 Braced Cut 11 921935

Yy 9
Empirical "sitivz1ddoyanisTausuag W HAZIINNTY Strut VBWAATA TN

)

19N TN T
RIAMNIUNRINYINY

Strut load R, R, R. R, Apparent earth pressures
P, =R,/L,, ctc.

;ﬂ‘ﬁ 2.7 35NIAALTIAUAY (Earth Pressure Diagram)
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#M5UA1517 (Apparent  Pressure Diagram) 1991 1d%ina1ongu i 19U Pressure

Diagram e uolagy Terzaghi & Peck (1967) 1‘1]171 2.8 Pressure Diagram 1@¥ue 1a8 Tschebotarioff

s1ii 2.9
o T
0.25H
i ” \
o
¥
3 =
'y
Q -
K, = tan® (45 - 1
(a) Sand." Soft 4 * (¢) Stiff fissured
' u clay.
5171 2.8 PadSsufe Di ¥ erzaghi & Peck (1967)
a ,m:‘i
BACC
A
Fy e
”G‘“\"“ ‘i’ H ' i 2 a
= 7
H § 0.7H m 0754

.-_ .__:ﬂ U ﬂﬁ% ﬁ 'W ¢ mw}&zm
AUOND IR INETEY, ..

in stiff clay in medium clay
E‘IJ‘VI 2.9 Pressure Diagram Pressure Diagram L&f 1o a8 Tschebotarioff
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24 MINaeUAIVEINIAAMN IUKNYAHEAVE EFFECT)

TumsosnuuuszuLf Bz AvsivIsausnssdudve unaduuds uennndiss
FoafinrsananuadesnmAungu Fefiwastiamndmiudumiloiseu(ot Clay) Taw
fnanaudranquilnganssuiu Surcharge n3zihifuAuRungE Suseiinsgiminniiuse
Aumedudhavesauudildauinmqueziiens lnadwnlunqu (HEAVE EFFECT)

°y v @ a 1 am a @ H
5$‘U‘Uﬂ1ﬂuﬂ%$WQllﬁ$mﬂﬂ'ﬁlaﬂ'ﬂ’]ﬂﬂ’l 125013577 HEAVE EFFECT ﬂﬁzﬂﬁ 2.10

e e W I

@ r/q

PR

[ but nol ie _

-
3

exceed 0.7

-
-

N
N

;y.‘a..
N

ANCANNANANTARKERY
[ ——
SASUANEANANAAN AN Y
K.Y
*

pr—

N
f‘—

B
~

d

RO

A8,

e

A

LILELLISES

tor

Soft soil

— — =
. / ~,
e — — = -

Stiff or granular QI : I
2‘1_"“/}2&.) a3 Heave Etzejt By Teng ‘s (1980)

 AUBINENINGINT
ARAIMBTUNRINYIQY o0

~~~~~

mALJ e o I

Sul = q—2“1— = Shear Strength Above The Excavation Level
Su2 = %"i = Shear Strength Below The Excavation Level

Resisting Moment

FS = _
Acting Moment




FS

FS =

FS

D1

SB, +0.5qu2B, %B, +qu2B, %

B
(yH+q)B, 7‘

28 + 0.5qu2B, 7w + qu2B,
(yH +q)B,

28+ Su2z B, +2Su2B,

(yH +q)B,

Unit Weight of Soil, t
Depth of Excavati '
Unconfine Compress
Surcharge Around
L f L&Dl
D1If L<Dl,

1i/o nquiTIW WideExcavation (B >>

2.4.1 Terzaghi Hipve Theory

1““““ﬂﬂﬂﬁ%ﬂﬂ“?ﬁﬂﬁlﬂ‘i
99 AINTNUNIINIAY

16

{4 2 y T a
1 = veaD1 gastizldalndanuese
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®0°

8
gt Can~y
e §
)]
078 e
" sut
: @
v
sut ‘ ‘ H
N D
" 1
Su2

Factor of Safety =7;* : actor of Safety :-—-c-—-—ﬂz—-ﬁ—”
Hy WA Hy SwI'D
a a (4 J - as
gﬂ‘n 2.11 MIAUATIEH ;.' oty £ sal Heave 1825904 Terzaghi
ISR = W 42— (2.25)
D i e T
.vi.*
QU = STSO 000 ... (2.26)

), |
»EE MR iuens
ARAAIDIMUNNIINYAY

lunsdiinquyailugddmasunietsnay fillaudnuinndianuniie

Tag

(H/B>1) 92W915%1 Deep Cofferdam AdeAY Deep Footing (Bjerum and Eide, 1956)

4 oo NS o _ (&
@l FS = —<*— aggUn2.12

(yH+q)
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N For rectungles: N = (0.84 + 0 16B/LIN qunie:
= , s wae
4"~ For square or arcle: B/L = 10

\ /"""w—'
),

1 -
13 “fil - 0 (infinitely

| R
S e e e

: W‘inqm 11 A1 N, (Skempton, 1954)

4
dmsunsaitinds1g FS > 1.5 At 10U 1.5 9¢A0970N Sheet pile a4

[ .~

~ v o J
Eihﬂ 2.12 AR NUTUNUDTIY

Modulus of Subgrade Rea € ATluga i .\\f’i- fUS52119 Soil Pressure &

Deflection Pnldnumsa AN i r oting, Mat Foundation, Pile, Beam On Elastic

;oo Saix;dn
HUH?ﬂﬂﬂ§W81ﬂi
a;ﬁ TR e) L IALE

7
i e Linear | Nonlincar
coordinates used and 15 s iss s sy
generally nonhnear
‘Ymu
§ iy B

h ()

3 1/#12.13 M3M1A1 Modulus of Subgrade Reaction (K)
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kK, =L (227)

Ky = Modulus of Subgrade Reaction, (KN/M 3)
= Soil Pressure, (KN/MZ)

0

O = Deflection, M

M3 14 Plate Load Test 9¢dpsvnaian q vinadurgudnats 450, 600, 700 mmiaz

1 1 o g é o 1 {
Tumsma § wimennndmsy Plate davh 191 K o1ndan 91031/ 2.13

Yo = &7/ ..... (2.28)

uattiosninlun : ade Reaction (K) 910 Plate Load Test 9¢@041%

AU Sutuvzdonldimlszana

SI: K™= BOFae-KNSNG "% © 9= .. (2.29)
Fps: K, = 2WSie—KIEgE. =~ === .. (2.30)
pl Juvunalives Hori of Subgrade Reaction U@l
B L
K, —— 5 [ (2.31)
1NAUNT Bearing Capay m
Qy = © C+qu+0 57 BN oo e (2.32)

Toy A, unz ﬂ mnﬂﬂngqﬂi ..... 233)
aﬁﬁa%ﬁ*ﬁmummmaa """

°]5~‘1ﬂ'lC 40 dwSY SI tag C=12 dmMiu Fps ms‘fluﬂu Clay 61‘])’ FS=3

Au Sand 19 Fs=2

Constant For Either Horizontal or Vertical Members

s
I

Il

By Coefticients For Depth
Z

= Depth of Interest Below Ground
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n = Exponentto Give K The Best Fit

91AA13199 2.1 ¥29989A1 Modulus of Subgrade Reaction (Kg) 3o uiiosin1s

Uszanaus K iveldnsredeunnugndesainms danlszanm K

Soil k,, kN/m?
Loose sand : 4800-16000
Medium dense sand 9600-80 000
Dense sand 1 00-80( 64 000128 000
Clayey medium de 3200080000
Silty medium de 24 000-48 000
Clayey soil:
q. S 200 kPa 12 000-24 000
24 00048 000
> 48000

Tavm 1.5 oﬂ utﬂﬂ}%ﬂﬂ@w;ﬂﬂﬂﬁms Strain  Influence

(Boussinesq Theot) mwswumuﬂlmT‘@sqﬁstmﬂum Footing ©30 Laterally Load Pile

amaﬁn‘a‘mumwmas

Terzaghi (1955) "lmauam K YDIAUIMTYINNNTNATOU Plate Load Test Tuauw

PIUIUYIN

A58l Plate JUTMdouHLA 1119 1 Wa 813 7 9
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nsfl grusnudgUamaouiui n$19 B 1la 017 7*B 1a

l+05
..... 2.37)
n3ol Li'.‘lumuﬂnmagmﬂ@
Lo | —— (2.38)
Ks = 11 Modulus Sub : N ate 130 §IUTIE ﬁ;ﬂﬁmﬁﬂﬁﬁﬂﬁ'\
NRVIANINTEY
Ky = A1 Modulus Subgra 19 11'!@1
B = a1unievesgiug
= ; 5 1 1 Q' é’
A361 U Heavy Over Conbolidate Clays Terzaghi (1955) 1auadia Ky, wnduiily

v v v
dadrulasnsanunl g laway 1o lugrnaNusuNIRATLLIAAY

v & & cakil . e :
UDYNINATINUIVUDIF Li"' nate Bearine Canacity o3t erg 1 ‘;-:'5‘_' 2_2

S i

Consistence otﬂ Stiff Very s@ Hard
:Lﬂﬁm NENINETNG ™

VARt e ML

Proposed Value of K, 2525982 51965 103931

(KN/M"3)

13199 2.2 A1 Modulus Subgrade of Reaction (K) i]’lﬂﬂﬁ‘i’lﬂﬁ’e)ﬂﬁ”)ﬂ Plate
95avuia 1 9a K, ¥09AuMieIrila Over Consolidate Clay Miarue lag

Terzaghi (1955)
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Ada 2 y & o ' 3 o y v ° o
AN 129 IAsaad19agnnseii TuuuIs U w0 @ dNFUNT U9, AN
v
AU Terzaghi (1955) 1@U®A1 Modulus Subgrade of Reaction ¥89a1 111123511 (K ,) Taodiaya
TuNAUmHsiadauduAUEY (Over Consolidate Clay) 1K , = K, uaglaseaded

9318 NUNIIAOANN1INING

o)}
-
~
(%)}
=
RO
=
=
an
=)
(=]
3
=3
<
[©]
o
E
=]
%]
/lE
()
an
-
B2
~
~
~—~
2
=
o)
-
RO}
Lo
=1,

Relative Density of Sand , edius Dense

Dry or Moist Sand, Value %

Submerged Sand, Value .z

1KE unm,,ﬂmnﬂ'mi
w mnmmmﬂm o

Diaphragms

De

F115U Clay 92 WTDIANNTALL

1
kh =kh15
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K, = Horizontal Modulus Subgrade of Y94 Flexible Diaphragms RTRCIEREVE] €1
4 '
K,, = Horizontal Modulus of Reaction U84 Flexible Diaphragms #ladin 1 7!61 FITNITDR AN
M151992.2

D = AnuAnszuzilavea Flexible Diaphragms fiviuiluna

v
§1115U Sand DENITAUIANUATALT

z
khzlhB

K , = Horizontal Modulus IHUUIAAINTTYY
' AL o
— Wumnsngaiiniae

A =
z = Aanwanla q

D = 522H9v09 Flexible Diaghramé & [
/¥

Relative Density of Sa

Dense

Dry or Moist Sand, Value / 706

:‘ —_—

—

-li

ﬂummmmﬂﬂm
EDAARFHNIIDHAN e s,

Consohdated Clay) 1siuauaNuan

Submerged Sand, Valu 459

% kY v o d 1 a a a a
Vesic (1961) Idiausanuduiusuoss K, uaz daaAnmiines oAy (E,,v,)
£ U v a a
FaunswaansonmsudaunisarivlosuiFeaves Flexible Beam Of Infinite Length On a

. . . . & ~ @t
Homogeneous, Elastic and Isotropic Semi Infinite Subgrade Y94 Biot (1973) 4N aUNITAIU
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12

4
K*B-o06s* |BB.E (2.43)
B, 1o

E,, E, = mlugdavedauuaggiusinud, KNM

KiRd

v ' o A - \
ﬂ’Jmmmmzﬂﬂmuumﬂ'EJtJ‘um'wuﬂﬂmm TIUINUAN, M

By =

TumalQiia Vesic (1961) udresviialvgluviea§iams
poNUUUTUMINARBINAND] 1gAns s:uBe M Ana19un Compacted Silt Subgrade
uazgnnszihdaousansziTimmmagiay 14 Strain  MAAINMIAAYDIAIY
(1A Dial Gage JAf1 Deflectionaay laaiionien msa‘luwmﬂgmmsﬂumma
wqyﬁﬁi‘ﬁﬁmm DeflectiongMoues Extension of olution ¥3f1 E, /(1-02) "1
INNITNATDY Plate Load Jest M1101150" ! lenalndifosu ¥ Vesic 3191 Winkler
Hypothesis 1418054

Brom (1964a) (@UDf . DIAUINTINVAT Secant Modulus
(E,) md’lumiuﬂaaﬂvlﬂmnms MATS {1 UATINT19U09 Ultimate Stress 199
Undrain Test i

—167ﬂ
ﬂuEl’JVlEWlﬁWEﬂﬂ‘i

“““W*Wﬁ sel YN e Y

,=[80- 200]— ..... (2.45)
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H.Tsuge and M.Tanaka (1995) 1@dna1amI501IA1 Modulus of Subgrade Reaction

[

v
(Ko nmaidegilvesauasaunsnail

1 B
K - E __!—1_—0.75
s 30a 0(30)
KS=L05E0 1

Tae

jos}
o
It

Displacement, (

<
»®
Il

a = Coefficignt 11

30 cm !f“ te Cyclic Loz

aquns 2.47

E0=0.2ﬁl :ATSPT)

Cylindrical Loadig Test in B 0.8
Unconfined Test or ’l}ig’lal Compression :J".ejt 4 0.8
|

) RSN

A3una Urwes (2541) ladhmstimsswnadoundunial K, vosdwneanuauytia

<A A [ dy
UNANLNUAT K AU

dmsuaumilen



K, (soft clay)=150s/8 L. (2.48)

K, (medium clay) =250/~ .. (2.49)

Ky (stiff clay) = 1000 s (2.50)
NS VAUNT Y

K =40N/B (2.51)

B = A7uUn9v0IiL

S. = Undrain Shear Str

u

B0 YUAAN MMM INIBUNAUMIA K YRIMLnIiuan

¥ila laozunsununian

) |
Fuanilaenlan(s,> 24.5

K=2508B | e Y L (2.52)

AR ST NI/NAAD Y TOR))

KS=380.85em -0

FJZTJET ”I?lﬂ?’lwmﬂ’i .....
ARIAL0IANMI NN Y

Ks3715.5exp (-02100HDS, B e (2.55)

Y
FUAUNTEIBOU(S, <2

A
Fuaumowdann(s, >49.05 KN/MA2, 2<H<10.6))
K=37155exp (-02101H)S/B . (2.56)

K = Modulus of Subgrade Reaction YoIaU TuLUITY, KN/MA3



27

H = anuanlumsyadu, M

B = anunhevessunaiuausiia laezunsy, M

Matlock and Reese (1959), Macland and Focht (1958) ldo5u1oanuduiussenanaa

o @ > % o 3 A o
E, uag K f’f‘l‘Hi‘iJ‘ﬂﬂluﬂ1 Soil Structure Interaction ¥941ATIAI19ALWINTOI@UINANT LR

E4
[

k4 E E o [ a a =1
‘VI'Nﬂ']u‘il'NIﬂﬂdl‘lﬂ!‘]J‘U%']ﬁﬂﬂﬂ']u'JWQiJH'Jﬁﬂ'EJﬁ'Iﬁﬂﬂ ANU

i - ; Y k4 v o '
E. (zy) = ﬂ'lhlﬂﬁﬁ"ll@\i : VDUFA VU VDUAU LA NUTUNUITIEHIN p LY

P = us9lgnsmn DN DI AL ADULIAAINEIIVDIRUNIVITD

U N & <
Il
€
£,
=1
(%]
o
p—.’
z
i
o

' 4 [ < 3 o
= ‘llu‘]ﬂl’&luwlf‘fuﬂﬂﬁ'l UDILE 3k NUNINUDINUING, M
A a . v s 2 ]
Wennsaniamilua ANUNINNUDY Strip HUIHUY 3L

1Anavosaums N E, = X

Co— 7

uﬁ)ﬂMﬂuU\iﬁﬁE ¥ .m
B FINYNINYINT

mém’tiéﬁﬁﬁm INIINYINY

K = . (2.58)

e B
#1151 Cohesive Soils
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v Y
Tae A1 Soil Modulus (E.) Tuiiilua Pressure Modulus (E ) KN/M’

1<
B = w11aAun Ny, M

-Flat Dilatometer Tests
EF, 3
K = 378 (2.60)

Fp = Pile Shape Factor 1.5 to 4 for |

B = wnannunisveady

Glick (1984) &

5 =

1+ 1)

lags L = Pile Length,
Pile Width or Diamet

ov}
Il

= Poisson Ratio ﬁ‘lu !

RS
[

Clay Unsaturatéd

Akt U

Silt

Sand ,Gravelly Sand,
common use

Rock

A15199 2.6 LAASFIVDIAT L
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~Triaxial Test 1819 Secant Modulus 5$%1314 0 84 0.25, 0.25 94 0.5 Y94 Peak Deviate Stress
9
Duncan and Chang (1970) 18 Estimate E, for Cohesive Soils fail

Normally Consolidated Sensitive Clay
E =(00-5000s, .. (2.63)

..... (2.64)
Heavily Consolidated Clay
..... (2.65)
E, = mlugaavesdu
S, = Undrain Shear Stre
Joseph E.Bowles (197 11 I“_“;f. SHTE atic Stress Strain Modulus E, #9n15199

2.7

E,, MPa

AN NS
QRENIN UM INGNY

*Value range is too large to use an “average” value for design.

M15199 2.7 LAA9FIIVDIA1 E, (Joseph E.Bowles)
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-Standard Penetration Test (SPT) and Cone Penetration Test (CPT) vz 14 SPT, CPT #1A1

Stress Strain Modulus E, s 1Faums Empirical and Correlation aanaaglunisien 2.8

Soil SPT CPT

Sand(Saturated)
Sand(Over Consolidated)

Gravelly Sand and "Grave

E, = (15000-20000)InN

)N < 15
200, N> 15
\'h

Sand(Normally Consolidated) E, = 500(N+15) E =(2-4)q

OCR E, =(6-30)q ,

Yoshida and Yoshinaka (1972) @taueanudusiussening E, i SPT A

Clayey Sand E =(3-6)q,
Silty Sand E,=(1.2)q,
Soft Clay E =(3-8)q,
N | Ty
AT199 2.8 LAAIAIUDIA A) Taglda SPT, CPT

£)
A

i
| E, = (100-500)S,

Clay
1 <30 orStiff

ﬂummmwm P!
Edoen ™ Fun YRCR

AT AT 1T A 8

AN9T 2.8(9) LLAAITIIBIM E, (KPA)lnolda S,

E, = 650N, (KPA)

E, = (500-1500)S,

=b,
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@

4
Francis (1964) 1aN915811A7 E Taold m ,of Consolidation Test Data Agtl

v T (2.67)

N
B T
T/ RE T NN
] LN

B = N0 evesiiiNiuan, v d
l","

Gan Choon Hock (1997) 1814 FEM 1mﬂs1muaunau Tl Elasto-Plastic

Mobr Conlor ﬁ%@@%ﬁaﬁ}%w&m Ll
QW) Mﬂ‘ml URIAINYIAY

E =(80-350)s, . (2.68)
Stiff Clay

E  =(200-16000S, .. (2.69)
E = Undrain Modulus, KN/ M

Undrain Shear Strength, KN/ M

wn
I
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FMTUMIHIAT Soil Spring (KN/M) @19 Node 1a 9 Faudsed AuAuYaiaate

L%?Jﬁﬂﬁ’liJ’liﬂ‘W%'liﬂﬂil']ﬂ?ﬁJﬂ'liﬂQﬂﬂul‘lJu

v
= [

Nsgavauya 1Ay i = A1ni Node fiszAuAuyn

A Soil Spring (KN/M) HaAwiy

; [ ~ 2 o
1 Node gavid - S wnuFuduianuaves

9 o o | 2 |
Tﬂi\?ﬁi'Ni%'ﬂ'Uﬂ“l‘WQﬂ AU 1

|
»

a smstgﬂ:Miﬂi’WlEWI’iW g1n3

LOBHT* K, () + 6 K, (- K GDy24 2.72)

ammﬂimum’mmaﬂ
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Ty
REDFAC = Factor for Reduce 1" Soil Spring At Dredge Line

aavdrulumsugy

Il

i

B = anuninuessumanuau

v
Modulus of Subgrade Reaction At Node U9

Finite Element Method (FEM) #152an5atudadunisud luileyvmiues Beam on Elastic
Foundation UMAUFILYDIALMG Ke 149n 1431011 Finite Difference
; : - Y Qy 1 1
Method (FDM) iW51¢ 013 IU llﬁgﬁl‘mlﬁﬁz“vuﬂjul‘ﬂuﬁ?u
3 y § e \ 4
494 Beam Model §115 WunnrhAamii Difference

v E v
Equations 1Juaasnilug Nruaiuniolu uaz Model

Element F ~ ¢

92#11731A1 External Node Force P 4A114111Y1 Internal Member Force F Qﬂlﬁ"ﬂ Bridge Constant

d'dy v 3 @ @ o 1 L]
A luiifi P & F 15111813 Force 1182 Moment aums 2.67 sxiludyandnvaivesdidos o
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o

#1M3UV09 Full of Set Node on Any Structure wl% Y nyal P, F i Column

v
Vector A (11 Rectangular Matrix @313 aideuaums laaatl

ANUFUWUT Internal Member Displacement (e) i Node 1@ 9 AU External Nodal

& :ll s . =
Displacement (X) 431 e tlag X 919921511 1474 Rotation (Radius) #13® Translations HaNN15

hOJ
Lo
=W

e = BX ™y za—. (2.75)
910 Reciprocal Theores: " y il waaelugil B Matrix
B Matrix %ummmn A
e=AXS FLPE T AVANS . (2.76)
oM 915947 Intedfal feml r Force 22iln U | $U Internal  Member
Displacement Herums é’qf: |
F=Se om0 e 2.77)
WierunIs 2.76 unuag s
v,
F = Se —E;ATX ..... (2.78)

Waums 2.77 unuasluaunis,2. 74 v 1daunisge

ﬂﬁﬂ?ﬂ&lﬂiﬂﬂ*’]ﬂ‘i

= AF ASAX o L (2.79)

Q“WWﬂﬁ@Iﬂ B R

quaapaduMs 2.79 vz Idaunsasil

= @asAh' (2.80)
o 1 ] @ q P
1181 X unuai dounduadluaunis 2.78  1Wew1 Internal Member Force 443
o w 1 addy Y o w 1 1 A E) v
anudngaemsoonuuy i Iddudidyey 2 diu fe 1. Jeyalumseenuuuy 2.9oya

Tumndegl  AsA”dhaduaziiiu Global Matrix
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2.6.2  Developing the Element A Matrix

(iio#in1a1 Simple Beam lug1lii 2.15b Coded 11 4 M1w04 P-X 1ag u3ansziin
U Element ‘11‘!31]‘7; 2.15¢ 1159n032911UU Element %zsmumﬁmmn Internal Bending
Moment L% Shear Effect of Bending Moment RICER Sign Convention Tae usanaasi

1 Ja < a a
andu van TumuansmduuRnia iy van

ML RN

Py~ Xsa
Pe — Xy

Ky

\ 7 A)
a) Structure and Stru "| : -f'-.v- P-X; b) P-X of First Finite
Il

Element; c) Elén ent Force of Any (Inlude First); d) ;‘J‘ mming Nodal Force

ﬂ‘LIEJ’J ﬂﬂﬂiﬂﬂ’lﬂi
L ﬂ’;]ﬁ@ﬂ SRLURAINLNA Y

= + OF2 (2.81)

‘luv‘humtﬁmﬁu #i Node Bu9

Pp o= L . B - (2.82)
L P

P3 = 0Fl1 + F2 . (2.83)

=0 5 B (2.84)
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aunsaeulugy
(1 0
P, 11
Lo L2 {E} ..... (2.85)
P, o 1|8
P, 11
T I

EA B & 77T R RN AN, e (2.86)
EA Matrix @1%51 Memt 2@l P
2.6.3 Developiné ¢ Eleme .
mngﬂm 2.16 1818 om0 c oment Area) fitlawifayy e, 1oz e2
azlfanniasil -
1 ;:'
% - i . N @ .. (2.87)
ﬂu %’lﬂﬂﬂﬁw gy -
AR IUNEN INERY
o= +—2-ﬂe2 o (2.89)
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Fl( L Ez )
w ¥,
€y
F,

— m“""“"‘
F,L&\""““”“ FiL
3EI k" s8FE1
{,VL f‘,gl,.
6E1 AE1

F,

2FE]
F 5= Tel ..... (290)
oo lusa Matrix
Wlu!",":‘__'."f:i,
=
= | i TR g (2.91)

{

W_J

Bl 4E

o |

AuEY _ UNTNEINT

Q‘Wﬂﬂ UM INgIay o

2.6.4 Developing the Element SA' and ASA" Matrix
A1 ESA” Matrix gninualaen1sgas ES Matrix @98 EA' Matrix, Node Soil
a ' 2
Spring 11178 F/L #9811159%1910 Modulus of Subgrade Reaction 1taz 11519 Node Area i1

v 4
K, Wusnsiansadwna ldaunmsasi



El =
2

o = L1+L23KS
2

NAUNTT 2.49

AU ININTNEYINS
ARIAATUAMINYAE
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..... (2.93)

..... (2.94)

..... (2.95)

..... (2.96)
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EASA =
4B 6H 261 _6sl
L i L iy
6FEI 12E1 6EI 12E71
L r +h r E
2w 6H a1 R
L i s Vs
6EI 12E1
T TR
..... 2.97)
nngdil 2.15 M
p, - -2 B AW .. (2.98)
oy S5 vianaa uszaar Global ASA' ¢ Vouauns lanadl
— <
P, = (A% ) 3 : m .. (2.99)

e T T

A5z AnSHauTANDINI55W Soil S HEININASI9TTHIN Element Adlouandn a1y
pring

QRN RS b el it

a Jd
ﬂ'liﬁi')‘l’lﬂﬂ‘ﬂﬂ’)'mgﬂﬂﬂﬂﬂ]ﬂﬂ EASA 1ag  Global ASA ﬂﬂﬁﬂu%%!ﬂum'ﬂiﬂ‘ﬁ

] U o . a
ﬁnmmmaz"lummiﬂﬁmﬁ‘lu FUY AULUUINUGIYY 923113 Remove Spring ¥ IANATNIN

Tension Effect
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2.6.5 Developing the P Matrix
P Matrix i1 Column Vector 9¢1l5znou ldremguiuns Array uay tiielail
' { J T J 1 { o A @
m3flouniLoad fiNode AP Matrix ag Tsiiflugud f1 Load NN3zinAMIuAeIny P-X

Coding w5 oanmneiuuln uaz sxiinsesminaiduay diifiras s sy P-X Coding

2.7  Sheet pile Walls Cantilevered, Anchored and Braced Cut Excavation

a 1 I 9 v A :
Audndosni 4 was Nansaldumenuauutifiss 2116 191 Cantilever Sheet Pile
Wall §1yaAuinnd 4 was i dunadeld aueba (anchor

4 o
rod) ‘B’JUUﬂNuﬁﬂWN‘U‘MW or Bulkhead) “§35&UUAINAT

b

= ' S, : ' 3 o
1391731 Anchored Sheet Pile /‘ ] i ¢ i p ﬂuﬁﬂﬂ'ﬂ 4 1UNT ﬂ'l%'muwa
Brace v i

Y
AUAULUUTTZUUMTU

ot Allernate
bntinuous rod

aa

a) Cantilever Sheet-piling ; b) Anchored Sheet-pllmg; ¢) Braced Sheet-piling; d)

Anchored Bulkhead

31 2.17 Flexible Wall
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2.7.1  Soil Property For Sheet Pile Wall

913107 2.18 §M5V Laterally Earth Pressure ¥odumsazilunnuduasiia
Passive Earth Pressure 7104#1n715¢#1 Dredge Line ¥aafumansoduauausziiiuanudy
¥1A Active Earth Pressure @1¥5UA15H1 Coefficient Earth Pressure lagin@udaeeldm
Coulomb Pressure Coefficient tW31¢ Sheet Pile Wall ﬁﬁmWL‘ﬂuFlexible Wall 910NN

- <

=
Friction wall A9z 1% Coulomb Pressure Coefficient mié’ufluﬁ'm Active Earth Pressure 1127219
1 < 1
A1 Rankine Pressure Coefficient N3EWLI

ervative 171 Coulomb Pressure Coefficient

!\ [\'M‘W
\‘ \
\
t& 3] \
‘ <l\"""' P a
‘i \\
m@" KOS P
i -
P—
Pivot or -
rotation - e~
point | < B o -
(a) - ¥ Colf v Sl T (C)
a ) Assume Elastic Line w. f the Sheeting; b nd as Obtain e Finite Element Solution
quality Soil Pressure Diag

oil and No Water as Shown)

d

ﬂuﬂ" ?Wirws”wwﬁ
‘ﬂw?ﬂ TN w &J%’]A’J & 'l@ fchetficents Wit

mu‘wmavmm Modulus Subgrade Reaction 1113 Uﬂuﬂﬂﬂiﬁ Dredge Line Ilﬂi“lfK #11 Nodal

Soil Spring LW?)G‘I']HﬂﬁLﬂﬁE]H‘VI‘WNﬂ1H‘1]N 1911 K, %314%1!?)11 Dredge Line Slope 'inﬂ‘l‘ilﬂ

Mune TaensiSeunounINode Force 91nA15A 1179 Node Spring 118 Displacement

s = XK = %7Zi2K
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msl¥m K, 92191 Coulomb Pressure Coefficient FaaansonInngns 2.23fou
nnnsdifingdealddeyn SPT uaz CPT 191lszanme C = S, = q,/2 AWM UCohesive Soils 1Az
141)szanma1 ¢, ¢ §M5U Cohesionless Soils §13A15NANBIDrect Shear Test 1130 Direct
Simple Shear Test 813150 1935152118 ¢ 91N52UIPlane Strain ém'ngn ¢ § Conservative

1520 28 Ba 32°

A1 Wall Friction (&) 81013501 521194A1910 15199 2.2

35
29-31
24-29

19-24
17-19
22-26
17-19

22
17
14
11

Silty sand, gravel or sand

Fine sandy silt, nonplasti
Formed concrete or ooacme h
22-26
17-22
vel @ el ; 17

wotplastic sit 14

35
Dreuodlmdroeksndmedaoﬁroek Y, 33
26
17
14-16§

AR SO R i

13104 2.19 § 5D Sheet Pile Aiueas Slip Surface V13T Soil-to-Soil

il v
waz Uaudly Soil-to-Steel ausnlFaunae 1dnedl
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Soil shear line for
friction analysis

{a) Neutral axis location for [ and § in sheet pile tables and as

commonly used in US. designs. ”!

S

(b) Actual neutral axis g
commonly used 1

Location of Axis Web Rolled Sec ons Not Applica \. 7 and Shallow Web

Section. These Section May 1

Q.+ .

, \. , erican Mills

tand® -8 ‘ ang \‘

D

ons ﬁ1 Nonlin€afEffect 9zWu148sfin1515um Node Soil Spring dmiufud

Magadoszn uﬂ%m ﬂmvjl Soi ‘s ‘a ‘sx > X, U Msuny
m“g?fﬁdii"ﬁﬂﬂim URIINYIAY

e T S —— (2.102)

2.7.2  Stability Number For Sheet Pile Wall

v
NANNITUDY Stability Number (FS) For Sheet Pile Wall 9¢3iviann15ail
a) ¥3A1 K, A28 FS

b) Mimsinmszeziedienisgudien FS



v v i1
luinenseenalinisinszesils Sheet Pile Wall 91911199910 Surcharge Load NI£N1UU
Back Fill, M3geytdie Dredge Line 1aginw1znsdiNiin1sgayidie Dredge Line 3¢UMIIWNIZUE

#9430 % w50 19 K,/1.3

2.7.3  Finite Element Analysis For Sheet Pile Wall

1. 1a@ Finite Element Method 1535 Mviunzaw

N1598NLUY Sheet Pile
[ v 3
doanndsidumsaaa Tumu 2owe(1952,1957) 1Az 1A 141aNN15U09
WAL SAE &
Beam on Elastic Foundation 11#9%98 2.6 11N IUDYNTU 9 P=AF,e=ATX,F=
A

2
Se Thus F =S A'X, P =ASA'X_2n31/# 2.20 92ue@dild Sheet Pile Wall 182 P-X Coding %4

v yd L .
Py luninduilywivesBeinon Blastic AMYUYNINUUITIV 90 A Soil

. ) vlodulus of Elasticity (E) 48
Length (L) 145911 Member' 15983 Truss MINEUN3 e=FL/AE Tunasaas Tag

Q

4

y
AULINENTNEINS
RINNINUNINEIAY
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e eeern A Py Xy
L '("‘ xg Pl '
Anchot 3 4 l%
O :-—}»r,. « X4 e \ Y
“ '4 a iy \ ‘
5 '; ~ Xy %
s}.s ‘x
bl ‘\.J"m" “‘
VAR SO Py 3
P'}" Anchor ?. “
? T AN
Jmnwnm Fime “
JTSOn. « § . !
T, |
-

5U7 2.20 Finite EleMen

1 F \ Spring are Input Nodal Entry

= o £ { A 3 ~ o a g
1uns&l Anchor Rod 819" »ﬂzit“. 33 U ﬂ$ﬂ1ﬂ153lﬂ51$ﬁﬂﬂﬂ')1uﬂ%1\1 1

Anchored) Sheet pile

[

21419 S, 77 WuAnuNMA UL

2

E

2 /}:
ielp

7

e

519 2.21 Development of Anchor-Rod “ Spring * Based on Spring, Cross Section

U

Area A, Modulus of Elasticity E, and length L
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v
#13150%1A1 Spring Equivalent 94 Anchor Rod 1adserunsasil
AE
ARSPG(I) = ECOS no (2.104)

Y v
wonNHUd el unINNeI0I0Y Sheet Pile Wall 1a# Finite Element Method

R = SPRING(I) Xi = Soil Reac¢tion .. (2.105)
Q=XK, = SeileBItssiiic T .. (2.106)
a2
Anchor Rod Force NWIITUIVINANNITAIY
f=—=4F FFF — AR .. (2.107)
Tay £.=065f, N e @ 444 (2.108)

= Actual Bending Sfress, |

Maximum Bendinﬂdome
Section of Modulus of &eetmg / Unit W1 M’ /M

ledmgﬂe%%l@ﬂﬂ‘ﬂﬁw g1n3
Q‘W']ﬁﬁﬂ‘im UAIINYIA Y

2 4  Finite Element Analysis For Braced Cut Excavation

f
M
S
f

Wann13milen  Finite Element Analysis For Sheet Pile Wall UAZi4®
UANAI9ATIN Braced Cut Excavation 9414 Apparent Pressure Diagram luriade 2.3.4 uae

é 1 - a 4 ‘iy
Spring Equivalent ¥94Strut F9UANNSUMINUALT ¥rmnaunsail

K=£ ..... (2.109)

i
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GALES ‘ugﬂu‘uu Braced Cut Excavation 1% Braced Sheeting or Cofferdam for
Excavations ﬁ'ﬂgﬂﬁ 222

H pile or W section
{soldier beam)

For shallow
excavations,
wales and rakers
may be omitted

. — Wale (
CREBINE — {111 Wall constructed -~ 3 [ Strut }
2 = #. : ¢ " ¥
S s oduerey N Ee ) of Arch-Web {
_.§§£°B """ : it £ (piles 4 Leiade Spacing as for
Strut spacimng < 4 soldier beams
p

Depth to first raker
depends on pile
section and tolerablc
lateral movement
Lagsing Space as required

.,

£, o

%\

ARSIV A7, WY 722 AT I AR AL A

/l

Elevation - ; \“’,, 100

am for Excavation

5' ¢

AW

AULINENTNEINS
RINNIUANINEIAY
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