N 2

(% Y

a A av A
NYHHUUINALASITUIWYNUNYIVO

' A o vy oy s
2.1 MIKIANMIAADUAINMIATHUIUBUT UYNLIA

2.1.1 Tﬁ'mun‘ug TUS mﬁﬂmju ( Beam on elastic foundation, BEF)
a J d a o o =
lumsdmszdiandun 185uusanseidde evinsaniuauougiusnta

miu ( Beam on elastic foundation, BE (1867) uauuﬁjm'nﬂgﬂmwamuwu

ﬁﬂlﬁ““ntﬁuﬂuuﬂ’]‘“ﬂQﬁﬂi g-‘ 'J“LI uﬂg“qg'\uﬁu“lﬁ"ﬂ‘luﬁaqmﬂqlfn
_d

i TaomSaumaniiifiu <1sole ~m-r-—'1 mﬂwgmmzwmuuuiﬂumqmmu

e

", . < <
cm"lmmﬂsququm‘lﬂsm g daasdalS e wosdueiduesiifiuaiiouniu

#AnYU (Elastic Beam) A9

Ground
surface

Pile before
loading

Elastic springs
E=ply

¢ v |
ﬂuﬁlﬂ‘ﬂﬂ‘ﬂiwmﬂ’i

2.1 wqﬂnssmmsagwumuaumgnwum Winkler (1867)

L ARANNTUINIINYAY

v
191 Winkler (1867) muammﬁuwuﬁmu

2 Constant =K, el 2:1)
y M
Taoh p = soil pressure [F/L’]
y = szezlnedaveaaudy [L]

K, =  Coefficient of subgrade reaction [F/L’]



140¢ Elastic curve equation of straight beam &1¥1 ﬁ"umuﬁﬂmjuﬁa

EI=Y =p . 22)
X

i) ' ' 14
dosamaumsii 2.1 fuaumsh 2.2 Aegldaumsiugudmsvilgmauuugiusintangy

129 1A
...(23)
91nANAI5N 2.3 Chang (1 fingennNuanuazmaoueenun1a
A
fio
X .
y=ePX( Dsinpx) e (2.4)

K,

- ' é . 1

Tag P=%—- uawma, 9z 1dnideu lunve s (Boun
4F]

o £ axd o -“ 1a 1Y
Condition) ¥osilayn Fuiluisini 0,59 laitlon 19y

v ’
1 v da
ADIINUUNNANIS

(1958) fio v

E.) Ay McClelland and Foch

X

§ ——_
. FJ] u Eﬁxﬁ ﬁﬁ(‘%’% EJ"] ﬂ Aj  25)
Tagh Qq ﬁ f]ja @ﬁﬁﬁﬁ%ﬁ% EJ l] a"" EJ EZL]

= anwAnvInAAY [L]
K, = Coefficient of subgrade reaction [FL"]
D = snaduiiguinaveuauiy [L]

A ~ &L 1 a o o 1 o ] Y

HANNANANUANANNUDIAU ANVUTAUNUDTICHIN p AU y 'lm‘cﬂutﬁume (non-
s " . o P 2 v v = "W
linearity of p-y relation) #a31#1 2.2, E, Ssdnuiluilenduvesniwin () uazszes Inadaves

< v & ¥ o ' @ { < 1 { §
i (y), fafuanuduiussznin B fuanudn ) lugili 23 fezlidudenlidies



o { ' g o o o P oA 4
vosusenseiufaouy ednlsinudiniez 19 B Wuilnduvesnnudnifiesedredoive

negnan@osilayv1vesduns Non Linear Differential

S p——— e

-

et

AL INYNTNEIN T
RASDIUBAINLAY

uazlefmuald E = fix) Sedanarilia B vs. x SansdiawinAudainis Tnsda
[ o { 2 4 g+ qd {
vouaudunousansziuldsuladlfian dsgaeh B, ashlin/feuudasauuseiiin
o A 1w < d 1A 1 a ' c’: -u a’: o d
nszimSems Insdveaeudy Mzdiugidanguuesaumniu duiudmenluglnsaves
9 ] [
14 Matlock and Reese (1956), Davisson and Gill (1963) W14 E = f(x), 921418 Tunsdifiuse

k4
nsziheglugatanguuesauniolugammisousaldan (working load) winiu mindesns



° [ { o a 1 1 °
nnufmmevvesilyrnuauivioussdudraniussnseiunugienitoussldau Asunsah

=% A 1 v o
1810619735 p-y curve Faaznanludoda’ly

Matlock and Reese (1956) I&iaupans al3%a (Non dimension Chart) 11M5UNS i

E, = kx lnvauydlnfineveglugl

y=yx,T,L,E,E M)

S5 ps p

Taeh T = (L]
= ..(2.6)
Lo [L]
B = load) [F]
M = (FL]
El = [FL]
kK = [F1LY]
Tunsdifiuseniziieg EUE 3t pideeglugraniiousalsy
' ' ! 4 “’J = s 9 !
U A5 1N9VD AT NS Mg ANs SuYB AR 1NABIBY U

v vy = ‘Il v - il 9] é& a
PRNYANYUAW AT 1‘]571&]1!;] super position (A FIDVTANNITOUYNAANAIINUIILAL

TN ENn Ny ng
ammﬂimﬂmawmaa

Ty Yas Y udluswuﬂﬂmwmtmwnmms)1ﬂuieua.,,Tmuuwnﬂsvmﬂmmwumumﬂn lae

97 Non dimension analysis wld

Setlect [Pf} A +—MtT2_ " s
etlection y =y, hys = e 2.
A EpIp y i EPIp ] y
P.T? (M, T |
Slope = s, +s, = |: - } A +|—= B ....(2.8)
? EPIP . - EPIP E 2




Bending Moment = M, +M; = [PtT] Am +[M,] Bm ...(2.9)
i = - [p]A_+ Mg 2.10
Shearing Force =V, +V, = Ay T o ....(2.10)
; - ) M
Soil reaction = o = [T} Ap +{T2} Bp ast L1

uaz Depth coefficient ~ Z =x/T, max depth coefficient Z_ =L/T

Tag

Ay’ By

As’ Bs

g
jos]
L

I

o o & ‘_ ' - \ 2 o . ad A (Y ) 1
AIMTUNTYU Fixe 3 > JF) 1P Slope) NN AAUVVUAUNMNUUY LAINUM

4 n’l‘ d 1 v o
aaluaumsi 2.8 nintiu@heasala B, % 20, 92 lafo Wduus M, = -0.93P,T unuasau

msn 2.7 9214

Deflection y

¥so ""’ _ i (212)
ul

I8y Bending

- Wﬁsawﬂ%awa1ﬂﬁ

= Deflection Coéfficients for fixed head

’Qcﬁ'l B \ohed bbbl heaheld £ Y

a

dulszdnT A ,B,,C,, A,,B,,A,,B,,A,,B,,A,,B, dmSunsal B = kx uaraQiugun 2.4

el 2:13)

D

waz 3UNn 2.5



Deflection coefficient, A,
20 10 0 +10 +20 +30 +40 +50

0 » Z7
1.0 ol P ot
zmax=2 h\ B Pot™
N = /
€20 y
% 3“\/4’
8 / gx’ JA
%3.0
(5] "
4— N
4.0
e o
5.0
+0.8
N
% e
S -I ~5&10
£ 30 1
g ; % M,
- u / )
Pl Y1 tHt 719
4

R SRR TA

: (% S ° [ a 4 ° [ dti 0
31N 2.4 dualsz@nSanSuaudnuuny free-head TuAUNH Eq = kx dm3unsiniiusanszim

S

A ey (Matlock & Reese, 1956)



Deflection coefficient, B,
2.0 -1.0 0 +1.0 +2.0 +3.0 +4.0
0 ’d &
/ - -
) po”
7 - o=
Zoax =2 —, T
1.0 }
N R -~ )
B
L I
g ~
8 gt
£ 30 7
Q 3 ~4,5&10 |
o ‘ 1 ‘
4.0
‘ = x
50 A — _ .

o
o

2)
=2
) Depthdoefficient, Z
=5

o
=]

Coefficients for bending moment

1 [y Ko ; | ° [ { d
314 2.5 SulszanBamSuEudaunuy free-head TuAuNA E = kx dmFunsainidluniua

AT UTN (Matlock & Reese, 1956)

10



11

. " Jd o o a g P '
Davisson and Gill (1963) @3 wmsadm3unsdiauaesiu lavlimanaouuasa g

1 =3 (] I [ o v o a 3 a n’: 4 o W @ A
oRnuAnEumATiMIAY k, 1as k, SmAuTuuazAuFua iy fagii 2.6

—:k

fe=ey k' : 3 ,(’/‘L)

517 2.6 manfasundsdi EfMenrinag ‘ \\ 514 (Davisson and Gill, 1963)
MsuAANMS differential a9 D€ astic foundation u‘]J‘U’diJﬂ'Ii‘VI 2:3 L)J'El(l‘lf
Non dimension analysis i)w‘l AR 1ﬁé1ﬂiu§ﬂﬂﬂ€%1iﬂ1‘iﬁa Tasfviua

19 —_

N~ Y

R E = stiffness factor m
f uingdsneans

amammﬁﬁ‘*ﬁ%ﬁrﬁé’ g

- L/R s 16)

v
1 a o o = 1
Tﬂﬂ T lﬁUﬂ'lﬂ'J'liJﬂu'Iﬂu‘lfu'Uu‘"15&?Uﬂ31uﬂ131ﬂ1l‘“uuﬂ$ Layer thickness L‘f]ummmnm

9y
a 4 é 1 ' v
YBIAUTULUFINA WA T * (R)

’ . d4y R4
unuaEums 2.15 asluaumsn 2.3 14 I

PP

ky =0



; E Il - dy k
"N RY=—* ununduaallla f’+—y 0
k. a° K,

. vy 9y 9
N1 2.6,k / k, = C dmsuAugFuuuLaza C = 1 dmfuaudua aniuiaauns

differential 11137

Hae

12

= +Cy=0 (for0<I<Tl) ket L T

| ’l/// _ (fortl, <1<l_) ..(2.18)
,Z"'
J_

Frrrasn fmmsﬁ' r!\ vitou lufivouime (boundary

condition) $1UIU 4 2
deflection, rotation, momni
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fmouh lauan; 11e¥A9 Conversion equation

A15199 2.1 Conversion eq
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Load on pile head Fixed head
M / u .
M “'ggil—___ i ;‘ i
Q [ n M, =M M,R
Q Ca Yi=Qun.&/EL Y,=Qy, R /E],

' ’ j v/ ‘ Al ’
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Moment Coefficients for free head, Load =Q

Tay

Yiu = Deflection Coefficients for free head, Load =M
M, = Soil Reaction Coefficients for free head, Load =M
Yie = Deflection Coefficients for fixed head, Load =Q

M, = Soil Reaction Coefficients for fixed head, Load =Q
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Tﬂﬂﬁ P = ultimate soil resistance [F/L]
N, = ultimate lateral soil resistance coefficient
¢ = undrained soil shear strength - [FL]
D = wwaduihguinmeveuduiy (L]

2 . o . . "ﬂ" 1 o @
f11 ultimate lateral soil resistance coefficient, N, Lﬂuﬂﬂﬂ%uﬂﬂﬁﬂ’l‘maﬂ wazdinnag

[ . " a [
INNUA plane strain failure YBIAUITDU NN YN

..(2.20)
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ﬂuEI’JVl?Jm[w}_j’lﬂ‘i
Tavdi p q quﬁal soﬂejagu uw’lq w EI"] a E] [F/L]

y = ssezlneveaeidy [L]

e = reference deflection of the pile [L]
= 25€4;D

€y, = major principal strain at one half the maximum deviator stress in

a UU triaxial compression test.
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B, = [than¢sin[i+ PP 5t s P
tan(B—¢)cosa  tan(B—¢)

+K x tanB(tan¢sinp —tano) - K, B ..(224)
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X225}
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22 PISNATOUMAN soil modulus NSV UTHNTVUTINTEMAIUA
IR E Sog@auiu 4 357 Full scale lateral load test on instrumented piles, Full

U

scale lateral load test on uninstrumented piles, In situ test, laboratory test

2.2.1 Full scale lateral load test on instrumented piles
{o o . o
- MINATDUNIANA soil pressure, p LA deflection, y 1"i‘luqmﬂaﬂﬂmmummwn

2
[Bishop and Mason (1954), Baguelin and Jezequel (1977), Adam and Radhakrishna (1973)] 14

.(226)

1ay E, = [F/LY]

P = [F]

p = [F/L]

y = (L]

x = [L]

D = gt ey [L]

UnAudamsie VE§='“—-=~__? “'-"’-“—"“"‘-‘-‘;—‘ yuiBsveunuE LN a
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aﬂ‘N‘liﬁﬂ'unﬁuﬂﬂauﬂfyﬂ'ﬂuﬂ’]s')ﬂﬂ'] soil pressure luﬂQi]']ﬂuuuﬂ'lvluﬂqmﬂqzﬂﬂ

H
=S

2.25 TennTezseA R0 soil pressure
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Possible pile/scil
separation

1 s &

- MINATIUL ‘ strain | gauges A)ADDAANNYIAT UV B
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dx® ' . (2.31)
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. (2.33)

. 1 VMRS N T

on-dlmensxon inclination of the plle axis coefﬁcxent

‘Wﬂﬁzﬁ "TﬁN I NgNa Y
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1 .
E I )én
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298v99 Jamiolkowski (1977)
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2.2.4 Laboratory tests
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M990 2.2 Group Reduction Factor for the Coefficient of Subgrade Reaction (Davisson
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