ME| 2ol 2AHE 22| XX "It

Reliability —Based Pile Bearing Capacity Evaluation

o] @l  m
Lee, In - Mo

= % g
Cho, Guk - Hwan

o @

Lee, Jeong - Hark

Abstract

The purpose of this study is to propose safety factors of pile bearing capacity based on
the reliability analysis. Each prediction method involves various degrees of uncertainties.
To account for these uncertainties in a systematic way, the ratios of the measured bearing
capacity from pile load tests to the predicted bearing capacity are represented in the
form of a probability density function. The safety factor for each design method is
obtained so that the probability of pile foundation failure is less than 10°. The Bayesian
theorem is applied in a way that the distribution using static formulae is assumed to be
the A —prior and the distribution using dynamic formulae or wave equation—based
methods is assumed to be the likelihood, and these two are combined to obtain the pos-
terior which has the reduced uncertainty. The results of this study show that static
formulae of the pile bearing capacity using the S.P.T. N-value as well as dynamic formulae
are highly unreliable and have to have the safety factor more than 7.4 ; the wave equation
analysis using PDA(Pile Driving Analyzer) system the most reliable with the safety factor
close to 2.7. The safety factor could be reduced certain amount by adoption the Bayes’
methodology in pile design.

2 X

¥ A7 A A s AT 25 Juirhx Y dl2pySe) Gdss HA
shizdl gleh 4 AAY AYPREL deirh ERURE TS 9lom, olelT LXE W

“ Y9, TN ST EZUH T} Faf
*2ERAd(F) Al
A Y, gt Bl Azl edFa Hdejod

BEGRTRAE G



#Hal7] 8 BEAAIDE g8 A A" A A A He) v E 2L 29
4= slch o] BEFFE o] &35l H]Hgo] 10757 B 5 olE DEA AP gHEL 4t
A 4 qle}. Bayes” o| &2 A8 AHdaH 2213 F4 L Prior Distribution2. 2 748l
FAHA A FA] A WEAP, PDAE o83 4% x|#ge] BXE Likelihood Distri-
bution®. 2 7pAlsle] 2 4go2xn 2 BRUANL 24 5 oA D} & A7 A4 m
FAEA 22" F4e AL Wi 74 AEE SPT.E o) &3 AR 2=z g4 2
Aol =z, (FRAAE o] 4% AAYH AAubel PDAC old AAE AxHe kg2

o 27 W2 7 NARs} £ & + Arh =Y Bayes’ o|EE AMgste] £ A3t 4

& 29 4 Adow WF XY 4P
ale Aelh

&
ol9 ¢4 HAMAY BN e 228 F 5

LM B2

Atedo] whdlel aiet L] 714587} o]
X, A== FEREe] A fﬁﬁéi}s’-’r
F3=WA olE A™3r] A7 ¥ T
(712)9] FA A R A7} Hat EH-‘?*EJJ’-
dek. A vt e 3 FxEe <
Ao =37 A% i g w7
Z29) Ahgo] A} Fr18lal ol FAlelct 3t
5 71&9 AAY ZH wbdele Aol
A3 e 2 e, A, oA g
A 2 W F ooheddt W Ee] A
45 gl °]Eﬁ} AAH A4 WE Ast
Agel g W E A7 s s 2
o AAHE HAY 7 9de el A7k
I wlge] gel 2gslE BAR AFEe B
T Bl A3t AsHAY L AAsI" AR
4 E7hsset L & g sl ahebd 252 7
AHE Q3] AE37] A% WS kHel A
FEe] ot 2wl od AAE A A
HE AR Wil W EHAUY 8550
23] e AAR S NG & AH-El
s&stes A Aok 28y A $e
vietell A el ®) Wje 2 Ax® A x)¥H e
A Ze] A7 FEqe] sodA FPygez
AbEEle] 2 b $-& O 2 A 43te] dASE
& AR, dASE AP A A
E 9 glepAlel7) ojFojdo g qls =AY

10 #1114 18 - 19954 3 H

-2 olvg), AR H & A rishe 59
A2 FAY 0 T gle ™ol

whge] XYL o b= wh Sl o8 A
A A 2L AfalA ol o8 22E 2=y
3 vlaste] B o, ofy] 717 BHAUF 24 F
2 s AR glo] obd clekgt EX & e}
WA Elok wEld Aslages S35 A4
3} 2} 2 A A& ubile] o e Q5% 2} A
Hate) wlE L2 ARG 5 oA Ak
o5 HEFHTE o) 4ste] HEC|BE B Al
| x #Ag da)std, dAElE sk Al
2ol ulE g &S A E 5 gk

£ d7olAde 213 19 &K B vt
9} zho], FeldbEe] AXY o wiu]Ho) o
3 AR Mg Falstm, dAsksd o)
AFE 99.90%8 e ok &g AMAlstazt
gl #5ol2 9] shigl Bayes o] 2% o] &
Ble], Tk A2 oS kg 23 AS
o thEh oA 5 A A5}l o,

b &

2. U552 XX ZH Lol oy

ra

21 EFVAAHES O
Y oy

2% ol X|x|H

2] vieke] REA]AIY HaE o) 4
2] A =" A= A (1), (2), (3)3) 7
Meyerhof2] F2)e] F2 A4 2 glv}”



B A M = AHSPT) |

4
[ EZRAA Yol 23 A" A (o) A ~prior
-t Distribution
I & ef A of Likelihood
T Distribution

v 4 !

FHAAY T4

o3l u S5-uhd Ao 2] gt PDA-Y 2% why
—jg] J)ﬁjs_i'] o) W (g, ) (o)
vey o ~WEAP —CASE or CAPWAP
—Danish -4
L
l Bayesian Up —date :I
[ B34 & TeR A A (4, ) A —posterlor
Distribution
o = PR e B [ X = A
Q=Q+Qq (1) N = 2% #49 Ngke) 97
Q= 40 N; - A, (2) A, = 2= FERE dH(m?)
Q=%-N-A (3) o9& Fol 2)shd Fahsppe Alela 4
AlgF SPLTA§ ZAnzHel 2 (2)s) (3)9]
74, Q = FAA=A(ton) At} FRinpdy & 247k Ajkal 9 s}
Q. = A= %2 (ton) gha)el sl gtale ghg AMA e o2 Hag
Q = Zwuta= (ton) “P eh’. whaka 4] (4)eh A (5), (6), (7))
N, = Aluhs Nzt e FAAE HET S Astdoh
A, = 4% Ay o3 (m?) Q, = 30N, - A, (4)

BREEETHREE 11



f, =06, K- tand {kg/cm?) (5)
A7 1A, 0.  FEAA £ (kg/ em?)
K:aske gt
6 HET) F o) niz}

Al (5)2] Ktand -2 5337} s Aule] 7
¥, o]=-2] AL E A utellA] 2R ZR) =
Al viepube, el obg 4] (6)8 o] 83}y

At g 718 Algrsleoh
K tané = 0 [2. 983( ) — 3462] (6)
A7) A, g7 :HF SEHAA LY (kg/ cm?)

webd, Fevt Y A (S o] sshe T
% % gleh

Q =f.r A (7
o714, A, s Sy A (em?)

22 SOSIM ZAol| o3 KX B
2

TARH Y FAL o)gate] XY
S IEE o Atgel slate] A4
HEd o)s wHE Azes) 2o e
Aerxl 7412 Hilev, Gates, Danish, Janbu
T SL E o) B Aol A o]E 2
A % Selveld A Qs e
Hiley 3-21& o422 3pgic},

2.3 WEAP(Wave Epuation Analysis of Pile
Driving)0l 2|8 X|X|2] ZA upy

WEAPS & AlToia] 713 @o] Alas}
€ AR Z2oPo R fEYY AL A5
2 q) uhie] o)) sfAM o R DEe A
9 PeheH L A sk L2 agelrt

srelA] wlEe)] MiEE sEuiaAle A

12 3114 %1% - 19954 34

(8)3% kel

;?A(E)("DHR (8)

°47l*1
28] Suber i g
7&%4 gAA
p17dEe dx
t: A7k
R:¥&e| 23

4 (89 i 27 20 AARAL o4
o] T 4 1o, ol AP Lareh why
& Eajoloptt =2 WS Arlole Be
oleigol ek whebd FAs|AH e
olgate] WAMEL AMdsliz  xzgel
GRL- WEAPoI o},

2.4 PDA(Pile Driving Analyzer)E O[&38}
XX 4bE gy

PDAE o] 4% wEe A=y Akaiwle o
o]l Habwl Strain Transducer®} Acceler-
ometerg o|8&t ZHAIP L5 HIEN
7HEEE o] Rald WEe AAHL A sle
Bl e o] Wiole CASEuI¥zl CAPW-
AP wiHe) alch

2.4.1 CASE 2hy

CASE ubH-2& PDAE %3l¢ 343 i3
7HEx, A4l Case Damping A5 o}
o f=%1 2] (9 A L3} “ér-M zl 95
A 3k vhglel )

CASE "ol 4] geta] & 435 RS o}
& A (9)2} Fo] HEIT}.

R(t%) = [Falt*) +F.(t*+25) |+



MC - _ wy 2L
ST [Vau(t*) =V, (t*+ c )] (9)

ol7]4d, R:u%el 23

F.: 3'—2-‘H 8]

L:5el Aol

C:REAAe) Te] HE = \/
t* & 2] A]?}-

vV, 5% X

M :atee] Ak

prERY Hn

A Re Ad A% So) Feldxe) w
& 59 A" Dz THEEL, A4 439
£ o83} o] vhepd 5 leh,

8§=R-D (10)
wg 54 A D 4% AditelAe]
4o} vl gt 7pA s 1:}._3- go] Vel
# 4 qlek
D:'—IL.Z'Vtoc (11)
o] 7] 4, J. 1 CASE Damping A4
Z:HEe] e d
_ MC

A A s& A (12)2 78 + ok

S=R—J. - [2F{t*) —R] (12)

Casedhll & ol &8l Axeg WHsiein
A (12)el Ak el &e) 4l Jzk— ek
4al oz e solol s BA Foz
A A BHe AAHE ek tﬂ shold

Aol & frdshA Hrt o]l elejst 74 84
E Y T sdv wplies Adm 7l
CAPWAP(CAse Pile Wave Analysis Progr-
am)H o]},

2.4.2 CAPWAP(CAse Pile Wave Analysis
Program) gt
o] #pil-2- CASE w3 o5 5ol
157 A7 S A BAE o) et
ahEe] = A)1H-& 8= Programelrt, o]
2. CASE iz} o] &2 Damping @&
AuHoz sk Aol ook 34F 3
o} AALS F3lo AR HE nlmdle], ol
Tyl MR dAE aizhA Hel e W)
AP FARA MR AN Flske, F shgo)
A Ay dA=EGE wfe] # G w5y
Aatel ez A4 Rlcl. CAPWAP whylel =&
of AR A A]H.2 CASE whfel] ulsle] u]
A g A2 HE AT P glo o]
=& BEAA4S vgy gdos, dAle] Az
Hs Ao g fskA Mok
PDAE o] 48 w5 =A=iyg-g 4 vy
dl A8 FEE 5 e e ZFE 8
£4 2 {tsba gl
—&te}l o7} Eo AgHg FE57] 6
EFET AY
—&& vt wato] e} Zo]o ulsf Heof
& Felrt o] FAR 7|7 9] AI7F FE
A g}eo] F4-3] wH = A B A4S
—Alwb4-2] Quaker} A4 t*+2L/ ¢ A7t
A A Ho| 2bxls] B H =R 53 7S
—8et —up ©l} Relaxationel wie} #3}e]
o] WgtE = A5

=,
-

3 AR SlAde) V|2 o2
3 HEER2 OB

et BAE THE WS daelyt 2
& AR Aely glod, $A4E T

R THEE 13



A A A dl&3l7] 5ok o] st
o Ak AN @5 2] HYr) glen, Al
Aol WA T sl FES o] WE gkellA
deld 7hzAdel o] W4 utellAd] ded #E
Yot =24 ol oleidt A Alue 542
2ol 2UeJA Histograme]i} Frequency
Diagram 2 % vtehld = glow, o[ o] &4
23 ¥EUX§(Probability Density Fun-
ction)2 E&IE T qlch ol2¥ HEUEF
Toll = AFE(Gaussian X)), HFA 7
¥(Log—normal £*) % oz 7}al i)
X7 gl e, B dTeddE gEUEg
o Hgol drFE-EnhE Al

HrAdEEe EAAE X Adde
InX7} FE-2E 7H o), o] & AT EE
2} 3}ar, 4] (13) 3 32 ez vepd 5
sl

1,lnx—41 )2]

_ 1
f(x) = \@Exexp[ AR (13)

7] A,
A AR X AlEd & AT InXe #

it =lng——1-¢

& EAAE Xl AFAirE A3 InXe] ¥
2
FHat=y n(1+%
t n( P )

AT WFHFEEL W5 A7Y o2
WS HEUEYSE Agsgon, o) ¥
ZP5E ol §3ted thewt 22 Y2 4
= §4¢ FHE 5 oA Dok

4 (13)% 2E FEEF (0N X<ad
o, 45 P(o<X<a) 4] (14)8 2el.

P(w<X<a) =§"__

1
\/ﬂfx exp

14 $114 F1W - 1995F 3R

[ —%(—lnxé_’l)z] dx (14)

weba, A (14)2] -8 P{—xn<X<a)d
A TAL b A1E S Asts B8-S A
2314 =5, o] AFEE E glH gL
Ard & 4 glA =}

3.2 Bayes HZIZ 0|2%F ZEIX|X|2 W}

Bayes” Aejat ol § Ala}de] &858 A=
2 ARl giztsled dysle Aol @y o
HeoR, Mz PR vehd Az L4
AE =R02 3= 4T 27N B B
g FHeg ) olz{g Bayes' Al
FEFFE e A 8o gt g
o] A&l 4 gloh

f(#)7} Prior Distributione]3, L(8)7}
Likelihood Distributiong]l 7% Posterior
Distribution2 ©}-2 4] (15)¢} zre] 78 =
ek

gy = — LO(O)
r= (= L) (0)ag (15)

o]7]4] Posterior Distribution® *3¥3=
Prior Distribution®} Likelihood Function®)
B4 wz} AA= ) Prior Distribution}
Likelihood Function®] WA TFREEE e
7% Posterior Distribution® ™A FEEL
Z z}ord Posterior Distribution® o3}
EFEAxH= 4 (16), (1) & ol&sly &
slct.

o A EHA £

1= e (16)

o] 7] A,

A" : Posterior Distribution®] g {53
T2E)

A Likelihood Distribution®] (s3]
FFEAE)



A7 : Prior Distribution® (A F3E

x)
&" 1 Posterior Distribution®] IH-FH ()
FHTEE)
£ Likelihood Distribution®] ¥ ab(-y
FATEE)
¢’ Prior Distribution?] 338 aH()A
T )
f
o EEE 17
: e (an)

A(17)e) o8 i3 dpHFEEe] &5
#A =z} ¥4} Prior DistributionelY} Likeli-
hood Distributione] ®]&}ed 22 ZHE 71#]
w, 2] (16)el 2Jsf a3 L Prior Dis-
tribution®} Likelihood Distribution®] A}e]
o] & ZHARlch abebd Bayes' o] B2 A&
sle] 22 AM2E AP Posterior Dis-
tributionS o|-&sled AlF=m siHE& A3
W, o] REFEDE olFR bl )
of B} ahe SRR AFEE WS £
e AFE 48 4 A Aot

L o] &8 %234 Ak Etr] s A
22 e} dubdeR Hewe 23 gl
o] g7 ok &% A-gsle] AR AAH2 A
H gl tiste] o= xe] AT E #HEs)
A =t} Meyerhof "7} kgt —]'& Exgx
ol &5 otdg @ #AgdES 1 T8
Aol mie} of2] ghsel xﬂoﬁla*lﬂﬂ%, g =}
A&gg P=10"~10"" Afol7} A3gh zlow
ZHg Zlel) A, 1078 ¥ ATl &
B glojol H= T HES 71 Foz dAdshd
o}, 2l sk 51 & AlAlsbd ofelrhAl A4
Auizre] wlE A4S 4 qlew, o] ZFE A
shAlg s A1 AbAdd zke] wlel] o{t B3t
3 RFEAE G P vk =G A o

S Eel dsted AR AN Ay
o slshed 2YH Ak Wl DY BE

2 FEYFE ] HBE 4 SEXEE
shal Algl el @E QUEL AHY T ol
A},

1] EXWAANHEES OB U XX HZ

Moj Mz

EERUANYS

o8 HF AANHEAS

%%;k o Zzte] WAL A (18)Z2 ek
gt}

Qs = K - Qu (18)

o] 7] A,

Qs : AsHA el 3 A2

Qu : EFIYAIHE o183 4% AAHF
Aol 2]k 2] 213

Ko &Z4 e 23

FEUAAY S o] £ BT AN T
2 oje] 7bA) aslel elated AXzkhel Aol
5 faald =oh debd A08)8 Kgte 4
(19)s} o] zhrte] wae FAYE Hoz
epd 4 ek,

K=K, K, Kg- K, (19}
o 7] 4],
K, : model 2.2}

K, Nz 2] &3 23}

K.:SPT Ad A9} 45 #3919 2)8] zjo]
ﬂﬁi 2.2

| (ORTIRER K, : 71ele] e

g Kol a3 REAAE A s 98
of A4 AEFAas Feve} Akl A
A% 12712) SPLT Ay wtel zais)zd

R TR 15



A AAIRE 10702) A QA2 o] Lafo] B
Melgdel. 28] 25 Meyerhof #| |2 34 ol
A3 AR A AHF o)HH G o] A1y} 5
AEA e o)sl) AR AAHE AT
o} H¥E & vepdch o 2§ ¥
Meyerhof 4|44 E48 4% SHY FE o
A vl Al Hr)E ol $n, o)l
A AL 2 AR ohet AjglE ] B
o2 A A wadddo) ubd pyEa
o] 737 WA ey FEEe] 2okg e}
Ha slew, adaby & dyoids TEas]
AlEE o) 8g A4 Ay 5o R E o
R b AR L R 2

40 T T

3F B8 Meyerhof |
30

25
20
15

Frequency{ %)

Measured / Predicted
RETYA Y-S o] &3 A 22T 9 A2
/ol &ghe] B

Oy 2

= Kay'ol 93l 2ube] 2t wis)el
o) sled, HEAEAIF AA7F AT gle &
A AR EY EEAA 0129 @
2 7FAH, o= A (20)o A2} o] mAHET
3)ch,

3, =+ (8+6%)

714, S(REAF)=FFH A}/ HF

5, AFAYAIF & o] 88 AR A A He)
Aure] gkl wislel ofa] | EA
H AA7F 7R e SA4E ge A

16 H114% 18 - 16954 34

SHTFEEA) AEAS
5.  EZVUAYE o143 44D A
Aspaiel A B9l R TR E A
HEA
5o AMbe] E7bH el Sal BEA5A]
d A7 AT Sl g
o WEA S

o1& EFVYAPL ol faled 4R A4
Ak AstAgel ofd 4D AP g
EEJSL vhehid 29 39 2.

30 T T T 7
g5k -— Meyerhof
. ~=Lee M. W.
st
g 20F -1
D
a
j; 151 .
E 1.0F ]
g
*osf .
0.0 1 { 1
0.0 0.5 10 1.5 2.0

Measured / Predicted

28 3 BEBYALE o189 AAHFH2 ARG
/ol aghe) BERA

o] R-EgTE o] 43sle] YubHl AA 7|
22 HLss IHgE 107 F 99.90%2] 2
HAxg 7Hd of S FUYA R L o] 83 =9
AR HFA e atAE(F.8) 2] 4" Axls= ¥ 1
3} 7o},

E 1. BEWIANYL o 4T UF9) A X2 Aol
e A&
(B2 9, A= 99.90%)
Meyerhof #7534 | o] ¥b5 e $4FY |
7401 5928 |
T

3 AR R QA S)2e) T APH =
A &) Ml 23 49} Prh o] o)A
Hso] AHE ¥ Fo] 107604 10-74x) W}

ik s




§oll o2} ebd &2 o=k 5-16"0 52 W9
A Ao g Wy, B APy 9§
2 10 ‘2 dYstgent, a8 Fan
of atE T gEol ofE A Fel o) F HA
3 Aoz dHES AR Y2 A
o2 Azt

Factor of Safety
=

8» B

s /

Y

Y I J
10°¢ 07 107

Probability of Failure

24 A X TE atd g2 Wi

42 SM MK MET
7k

[
K
R
res

¥ Aol e 27ke] B Aol s Al
A Ert svia EE T 7 el AMEE =
Hiley 3-3lell g A1) = sf418- AAlslele
o, o] & Fa el g Stz 7
el S & ¢ UEE AT ubl gkl &
= A A5kt

3 AAYH g4 AT 4L e
getr| Z3t A AstAlg Azl Fasio)
a2k A Fuel M o]21gE AR 3 o)
of Foiz 2] ofe FTAZ Qlale], #]FAA o
T 2ux¥® A8E ol&Idoen 1 AW o}
w3 Aok B4 A A g6 gale] dxy
¥ 58] 39 AT Az 2] Aol Ax)

33— T T T T T
§§ N
% ]
£
0]
=
g ]
-
Eld —
| i
25 30 35
Predicted / Measured

(a) Chellis'™

Frequency(%)

Predicted / Measured

(b) Ramey & Johnson'*"

! T I T

Frequency(%)

Measured / Predicted

{c) Olson & Flaate™
¥ 5 Hiley 34]2) i 2gh/ 4 2gpe) 2y

& el I glen, o)z b3 e by e
2 F9% 5 oo yaFE Al gy
Mo F3k & 4 glen,

_ i+ pon, - pn,
r= n,+n,+n, 2D
A7V p: o

W TS ek 17



n: EET
EZHAE A(22)0) 23be] & 5 st
[n,6 tneineitn, (g, —p)-t+
nz(#z“ﬂ)g“"n:a(ﬂﬂ—.u)zj (22)
n,+n,+n,

gJ=

o 7|4 o FEHAA

4 AARBA ol Zgksh A 2
8 249 ool AL 4 (2302 by
L

Q=L Q (23)

7] 4,
Qs : AR 28 2AE SR AH
L:L=L,-L,-L,- L, Lge-L,
L =2d ext
L Y age 2gAdaA o5 23
Ly A8 whitA o] Bl el £
t oA
L,: #Faeiagiege] 53 25
L;: 989 delgols] EFAAAN 2x
23}
Li—~L,: 71ebs} 234

o] ARE ol HEH T4 NG

12 T T T T T

1.0
0.8
0.6

Probability Density

Measured / Predicted

agl 6 $4 AAHTAS A/ &gl
gt $EFA

18 HEll% B18 - 1995F 3 A

8] A/ x5 Ry digde g
g FEEe) HUE 3 glon, ole ot
2t A A FA AEg/ -5k 2
v HFATRER 7 5 ok H7)d A
wke] FbA W sl fsto] DEAEAIR AA
7} 7hAE Qs a2 Edtel, B3 A=)
T FERAE L’rE]rLHﬁ'i R e

13 69 PAFTAL o) g3k, kA AlA
IESE AL J% W EHF 107 F, Alzw
99.90%) & HA&E Tted B g
FE eSS ol

T2 B AAYFAY AR E G A& (4]

5 99.90%)
sAAEgy 1 Q&
Hiley 34 i 8022

$4 AAY TS A A AT 4
£ 9990%% MR 4 Al e
Moz ofF £ o 5 ek

1%
ikl3

\.

4.3.1 WEAP(Wave Equation Analysis
of Pile Driving)e| M2k

WEAPS sHEubd A& SHs442el
< olfsl WEe] AAY W ogGelHe A
A% F e 55 2R agelct. WEAPE
o] 23t WE2) A H M2 FA AAHFH
Al EFEA) oled o] rix) Awle] &
got, fivie] gelojiz|e] Rdd §F B4
g ARe TFPFoR ald), FH AAYFTA
Brl 2o Agngd e Aod g8id vk
WEAPe 28] A5l =23 Astr]& el
o A" AxPe) WAL A (24)¢ F
o] viepd 4 glc

Q = N- Quw (24)

of7)A), N=N, « N, Ny N,



Q. : WEAP9]| )& 4+ =12

A (24)9] § N& o] 717 H4Ee)
22 vehvte B ohga 22
2 A

N, : ¥ ade) 28 23t

N, : &€} 2.3}

N,: HZFgeldslaf (set) 54 23}

NN, 29 ez}, £ Ao g i)
5 EFI 7lete 24

o e

o2

WEAP) 98] A5 A2\ s} apagel
osl %49 Ax el uli= Cheeksl] 24
WEH 1209] Az} el 7] 2ol 4] HAIRE 4
Aol A @ AHE ol Bl on T ARe
EENERIC

30 T LB T T
25 - —
20

Frequency(%)

Measured / Predicted
321 7. WEAP®) A33t/H23 %

WEAP| o4& & 5gta Asiado] o8
AlZE AR 7] vld] HdF REE A
TFREER sk, T2 wEel] g uE
AEAE A7 FFAT e LS I
Brxazde P B 28 83 7ol

2 89 PEFAE o)&shd AT
G AR 090%E BIHE FUEE A
A F= glow 1 AT op23} 2ot

» A2 o] b8 WEAP] b &(A=]x 99,
9023) : 2.949

15 T T Y T T T
Z
o
©
1.0 -
a
Z
£ o5k 4
K=
£
B
0.0 L 1 1 | 1
0.0 0.5 1.0 1.5 20 2.5 36 35

Measured / Predicted

T8 8. WEAPe] 9 A3t/ &35 2224

4.3.2 PDAE 0|28t X|XIg] AtFe| ME|lE

PDAE o]83 x| o] Atxubg2 =-Fut
Aol 23 s F WEAP] 23 Wy
o & @& E¥AAME AAY s
siAl, B} A ert 2L 2AHE AE 5
AA o}

CASE =i CAPWAPd| 2ls AME =22
#H3} 2)8}4) 3 22 v)= Goble V3 Rausche
S0 o)# GER 10919 H3E o] f-8}o]
Ak algd oo, 2 Aales 2 9l H 2 vl
2} 3t

—
o4
& 25

Frequency(
p—
[ ]

;
4
Y
I
%
H
4
7
7
5
4
H
H
7
H
%
H
H
H
/
4
’
(A
’
1

A
4
7

A
o
AU
A
£17
Hi
2]
414
1
1K
1A
414
o
L4
VA4
4
iy

00 05 1.0 15 20 25 30 35

Measured / Predicted

18 9. PDAE ol &8 173 4ye] dag)
A&l 2

1% 99 REIs dgdoen dFAFER
5 51 qlan, ofd xyke] F74A Wil 2
s HEAFAIYE A7} 7RG e RAE

WERS T4EeE 19



Z3tsle] PDAE ol &3 A% #=He A
23 /A58 2 AFATEESTE Y
el 29 109} 2}

o
32

|
L

Probability Density

0.0 | S R 1 1

00 05 10 15 20 25 30 35

Measured / Predicted
32 10. PDAE o] 43t =AY 4lde) Bx F4
o] REFFE ol&sle] PDAS o] -8-gh
A7 Aol dAEF HF ¥ = 99.90%
3 ) AT AES AAsh et 2k
e A2 Tl wE b & (AR % 99.90%) :
2.701

PDAE o] &3 A% A 2H o) A 35l
Ozl A% 99.90%F UE317) .ﬂfﬁxﬂb
g9} Aol A B wpo} 4L GHEEL FE
shelopul W@ 3z ARRE & T
7ielt}.

3:3
e

4.4 Bayes’ 0|22 HE

B AP E 14 23 19 35T
X Zo] Prior Distribution® Meyerhof =] %
B A gl o|mgt B9 FAFA e o8 A
9 NHHo2 7hAabe] 2w, Likelihood Dis-
tribution-g ¥4 X A|HFA] B2 s A el
o8 AR AP o2 7pA g v gl o)
Distribution® Likelihood Distri-
butiond Bayes’ o] &e) A &351H Posterior
Distributiong P& 4 glomn, oo Hx

Prior

20 114 #1% - 1995 3 H

A 8 A E e
AA sk Al 99.90%F wEste Az
addEE dE 5 WA "Hrth Bayes” o1EE
A g-ate] 4AdE abnge) Hibs B 3elA B
£ wie) At

H 3. Bayes ol&o] o}E gkt &

a) Meverhof ] #|2]3-4] & A —Prior Distribution
A A

A —Prior
M hof ] x|B3LA
Distribution eyerhof =] %] 334
Likelihood
1l SLA WEAP PDA
Distribution | T1¢Y 4 E
ELA 4771 2736 2,636

b} *1" % F2

424 24] & A —Prior Distribution

A A
A —Prior
o F o] =&l atA

Distribution 18 Tl A
Likelihood

iley 34 | WEAP PDA
Distribution | ¥ & E

4.111 2750 2,600

584 E

¥ Aol A HE5AAHA 2l SA
A=A ofa] 7px] FA | o)ste] AbAR] ‘“é
o) SR A1E o) v g o] §3te], BaAlA
<+ a3 E5EH A5 d4E kg
o} AEE &4 Adgs HasiAY Al
& A2l 99.90%2 2t W F3§A] A
Hell 3 kAEE HAjskgl e, 53 A
ol A steta|oo] v o s Alg-Elal 9lE F4
AR H-FA o A FES A o] AT
24 oS AF 22 iAo} sl e g
igilad
1) 23 A2 ARyl Fell gk Al2] ko
wtE k&2 wmate] ¥ vheal
th Hiley #Z3 242 809 et &2,
SPTe| 2%l " o2 Meyerhof #}x#
A2 A% 74, ol &he] AT Al A



-

5 5.6, A AL o) 8% A A4
o A WEAPS] &% 4% 3.0, PDAE
o] &3 g 279 U &E AL A
AASHA Y Aol Hshed 99.90%2] Al
g UHFE A g ot oAby A
o A Eite] whEe] AAH HAAwwE
7he] Al = PDA, WEAP, o943 &
2] A3, Meyerhof 24!, Hiley 24
o] o O AW S AExr) ¥
=& o 7 ek

Az e gleo|x] FEEH olE Y
s}l Bayes'o] &8 A &8lslon, o]
2 g-ol 9loir BEF[YAPEE o} 83 A
212 2148 A—Prior Distribution®.
2,574 A3 F4 g spsubd Al g e
23 A== 4A44E  Likelihood Dis-
tribution.2. 2 7}A &l Az g 4k s}
W, shvte] F-AbE o] 43 Ao wist
o] Ae) g &S HEsx A
Al g Aol hE AlFIE 999025 =F
Zae AAEE 45 U8 4 F
lelon, ole] AR 42 = dA
o fAo M B AAY fajr} g)& A
L2 Abasich

2)

Ik

b3

o

=
[N

ColmE, AR, A, o] AR (1991), “FEt

Fw Aute] ety wEe) FevkE 547, o
GEE}| o E )84, pp. 641645

ol g, £-4131(1992), “hEe] AdAskE AAY

Hiol ol gt )", ANk A e =
A, pp. 76—91

3. Ang, A. H—8. and Tang, W.H.,(1984), Prob-

ability Concepts in Engineering Planning and
Design, John Wiley & Sons. Ine.

4. Cheek, d. R.,(1979), “Analytical Methods to

[+

L ¥

25

10.

11.

12,

13.

, Meyverhof, G.G.,(1956),

Predict Pile Capacities”, Behavior of Deep
Foundations, ASTM STP 670, pp. 194208
Chellis, R.D.,(1961), Pile Foundation, MeG-
raw—Hill Book Co. Inc., pp. 704

Goble, G. G., Rausche, F., Likins, G. E., and
Miner, R.(1985), “The Performance of Pile
Driving Systems”, Main Report, Vol. 4, Pre-
pared for the US. Department of Transpor-
tation, Federal Highway Administration,
Washington, D.C., pp. 11

Kay, J. N.,{(1976), “Safety Factor Evaluation
for Single Pile in Sand”, Journal of Geotec-
hnical Engineering Div., ASCE, Val 102, No.
GT10, pp. 10931108
Meyerhof, G. G.,(19584),
Limit States Analysis in Geotechnical Engin-

“Safety Factor and

eering,” Canadian Geotech Journal, Vol, 27,
pp. 1 -7
“Penetration Test and
Bearing Capacity of Cohesionless Soils”,
Journal of Soil Mechanics and Foundation
Engineering Div., ASCE, Vol. 82, SM 1, pp.
1--19
Olsen, R. E. and Flaate, K. 8.,(1967), “Pile -
Driving Formulas for Piles in Sand”, Journal
of the Soil Mechanics and Foundations Div.,
ASCE, Vol. 93, No., SM6, Proc. Paper 5604,
Nov., pp. 279—-296
Ramey, G. E and Johnson, R. E, (1979}, “Rel-
ative Accuracy and Modification of Some Dy-
namic Pile Capacity Prediction Equations”,
Ground Engineering Vol. 12, September, pp.
47 =52,
Rausche, F., Likins, G.E., Goble, G.G.,{1980)},
“Dynamic Determination of Pile Capacity”,
Journal of Geotehnical Engineering Div.,
ASCE, Vol. 111, No. 3, pp. 367 —383
Smith, E.EL.{1960}, "Pile Driving Analysis
by the of Soil
Mechanies and Foundation Engineering Div.,
ASCE, Vol 86, SM 4, pp. 3561

(A=} 19%4. 7. 25)

Wave Equation”, Journal

WA TREE 2]



