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Research on Probabilistic Analyses Method of Pile Capacity

Abstract

The paper deals with the probabilistic analyses method of pile capacity,
which will actively promotte the application of reliability methodologics. Three
factors of uncertainty in relation to probabilistic analyses utilizing a design
model were first discussed and then quantitatively analysed one by one, among
which the guantitative analysts of uncertainty of soil properties 1s the major
point of the research. To do so, the estimation theory about random field of soil
properties in finite domain was established and, the concept and a expression of
estimate—dispersion variance were developed. On the basis of test information,
characteristics of variogram function were studied, and a estimation program of
its mean value was put fqrward. Therefore, the problem of probabilistic ana-
lyses of soil variable with regard to pile capacity has been correctly solved. In
terms of the uncertainties of both geometric size and design model, the paper,
based on statistics analyses of the observed data, came to some practical results,
Moreover the paper points out that the probabilistic analyses only employing a
design model is not perfect. In connection with the characteristics of pile design,
a new method of probabilistic analyses according to the advanced Bayes’ theo-
rem is proposed. At the end of the paper, a engineering practice is introduced to
illustrate what we achieved.

KEYWORDS: p;ile capacity, probabilistic analyses, random field, variogram

function, Bayes’ theorem
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2.2.3.3  HEARVSAGT RS- 5E
— R AR 2D)FQ-23)AFE T RN
TE R {X0,i = 1w, AT B n M EME Z (xR EAEBE Z * ettt —4
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ZI-':=NF
|

¥l 2-6 EERIEE
2(y)Hy B yAb A9 AR,

Z.(Xi) — %j.vfu}z(},)dy

e, LT x BYBER

RN UTAS Y8 9= 0k e B SR DATE SR IRl

XI5 VS E
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34 TRIFETEEHENTTE

FEMMVSES T ZEHST £ BERE, AEFSERRISTR R
(A FEHET:

5(,0) = = §,dxf30x — X)dx’ (3 —6)

Hory (v, v) R M R b — S5 S TR 55— MR 3 B A 52
RE vy FSE. HEvE ENGBEERYY),. WeS [, ax AEZFE/R
5 dx.dx,, Efx,, x, )RR x f1iR. Bit, E2HTEN. BAEHR
v AV Z @ E{EY (v )R R PIER . BARNIAER S XL T
ST TERENSNTS.

A FERSFR R IR R T it HERBEFHEG A,
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qeb fx, 5EANPRIEZ SR ERER A SS /AR E 02 MR B
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x, 2 B2 R R SR FIC A R RO AR S, BREEX W, 7
DS, MM SAIR, BRSNS S E R TR
A P T ST S AR 6 SR SR .
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L (x0) = e KOy 4 2)

R, FONIT E x, BV e RER:

1 (x0) = o [y ) = 57 T4+ - 3)
S5648T %8 v AR EVEIBNTEE x, ¥ EEFE N PEEU )
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-
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TR LAH SR, YXEL v (o) R B BRAN) 4nnA) WL FL A AR 11759,
Bff

41



:a-,.(x.,)=-:; Y Iy,) (4 — 6)

Wiz, (%) 51y x)FHARE, XEEE—MMETTEZE P (x0) — [v(Xx,)), T
R T 2R (RS 2 A (2-29)):

o =27V, (n)) — y.(V, V) — 3{(n),{n)) 4—-7)
Ry, FBLL.(xOERRERZEASER, SRR HEE. B2 8B
MMEBEFZBEE, HIEEETREA:

De(v/ V)=2y.(V,(n)) —3.(v,v) — v((10),(n)) (4 —8)
8 PR v MY TG v OREA R, Blv < < VB, EEVEHEI—
s BEES. 3(v,v) =0, BJ:

Di(o/ V,)=2V.(V,(n))—7.((n)(n)) (4 - 9)
HifT. nxOFID o / VORBOR T HME—ERE L 98FE 1.
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e
o 4 P
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Ry TAERR i, F0IHE Ryl Em.
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Bl4-4 HERAREERERN R L
H AL B e — LRI E A E A ISR 4-4 BiR, EEU
FR N TR SR

Z{(x)=m(x) + R(x) (4 - 10)
AFZ0)REEISTRIHE. mO) 0 {EHREL. B

E[Z(x)] = m(x) (4—11)
R(x)PRNF R, AHSEAFTH LG TFRIEVZ R B

E[R(x)]=0 (4—12)

7ah) =5 EI(RGx + h) — R(:))'] (4—13)

Fd.}:
Hm

2y (AR R AV TR B IREEVUHZ MR RE Y. (x1,x0). BN
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= E[(Z(x\) — Z(x1))') — (m(x,) — m(x,))’
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= E[(R(x) ~ R{x.:))’]

RirbA Y (x0,x5) = Yalx,,x,)
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HIARL mC)RTH TREMRPIEAREIEE 4-4 H(a). (b). (©)).

HEC: m(x) = a, (4 —15)
ZRVE: m(x) = ao+a.x (4 — 16)
—IK: m(x)=ae¢+ a,x +a;x’ 4-17

— A BT R/ D DR F R M " (), NTEEl =1
PR LR AETHRIRME:
R'(x)=Z(x)—m"{x) (4 — 18)
R RV R Ry 2 (LSS 3 &),
(2) Bl tEfetr P EN T
S — AL E 78 T 3k RRHEL, B P nHEREAR Z (O
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N e PRAES . PIEIT-SIE R A
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HEHER FEA LAY
DIy /1) =250y n) = 7.0 1) — F()n)) (4 —21)
TERET A n AMME R, SENTESENET 0L ().
W s oo, HITLI S ZERERAM, 25 RS (BIANTELERRIY), A
DI, /1)=29.Uv00)~F.Uvlv) —7.([v,]+)
=0, Wy oo B (4 —22)
R, TSR DADRIS, ST R R A (T R
B HOM.
4122 BEUAHAERTEOHT
REFHEERR, RITFEE OO ESEEKTH A LA, MR
FL PR T B RS, WTEN SRR MR AR
Bk TN R T R A . (B b BEHTRERE
TR RS LR T K F AL REY. ST ERETENCRREY
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WEELR Vv WA N, AITLIE 4-50), SAMMTLEE TE+BE »
ANEEIBATL . XN, x e ASULRHE Y BT Y

Zn _ 1 Y z(x.) (4 —20)

Z Ny = H.r:}#rq Zﬂ iZi(X,') (4 — 23)
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XA EEE A B B IR E A g R Eer, HAihR %=
A
D/ nNJ)=25(V(nND) — (L) —F(nN.),(uN ) (4—24)

KATATLASEN AR ITLE 55 K16 —A — 4RI Z O AR B A 328, ]
(4—24):\ "5 Ji:

Di(I/ nN.)=2y.(V,(nN.)) —7.(L1)—y.((nN.),(nN.)) (4 — 25)
VR Y O FL > RIBE 3 — i i T - AR B R SO AR )CRE
B, UEACHTLSTLZ I S A B B BB A My, (00) = Clo), M-




N.-1
N.
NEFHRIR Vv AN TR ARG E R, AL TV - off, N

H:

72 (N ) nN.)) = 7. () (m)) + + Clo) (4~ 26)

y(Vi(nN.)) = y.(e0) = Clo) (4 —-27)
XHE. R d-25) S

DY/ nN.) =2C0) = 5,00 - | 3= T ) + 5= (o) |
= Clo) — 7. (1)) + L2 =L Ul (4 - 28)

Nk, R4-23)A14-28)3, AT ARAGHEM L rEfE im0 E Y 8
Zofn. UTihe—TRE-28)80& LU R EHERRBREIRA.
(1) ¥N,. =1, BIRF—MRFLE, NEG-28)REH:
D:(l/ n)=C(0) —5.(L,1) + Clo) —y.((n),(n)) (4 - 29)
=2y,(00,(n)) — 7:(4,{} — ¥:{(n),(n})
IXER, DL/ My ERA T MRIE 248 TR KB E N R A 5B
7.
(4290 rf A B U E KA
DI/ n)= CD + C(n)(n)) (4 — 30)
M5 Li&Lumb(198 NIF 5554 5 SR —EL.
(2) HN. - ooltt, BERBILREIEIINT, REE—28AR:
Dl / nN,)—~ C(o)-—7y.(LID)
= C(LD (4 — 31)
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DY/ nN)=Var[Z)=a’T({) 4 - 32)
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F0H TXFER:

Ar
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1 & AR AT AP R . & BRI A] Hu. f

-d

F#Za (BARHER 0, FIAE S RYL VRELL.
XPAF I B Mo AL KEH LRSI RMKE. &

41~

B JUARTANE e VER B Db AR JUAeT RO i B sl ) S5 it

Rettths. BEmenitRthd, WEFRERT ., WEIZmi%

(4 — 33)

AR T 68 IR BRI ) 800mm AYSETLED IS, B
AJLASHAG I, = 1.10, ,=0.05, V. =0.046,

1

HELR T E 4—6 BoR.

S EIFTHSSHNHELSH ST
| (it B2 d=800mm) *£ 4-]
] | | ) ;
KB | ger | gas | 870 | 968 | 856 | 885 | 823 | 840 | 973 | 900
( mm ) _ L |
¢=de/d | 1.109 | 1.106 | 1.088 | 1.210 | 1.070 | 1.106 | 1.029 | 1.050 | 1.2i6 1125
KA | g35 | 816 | 880 | 928 | 815 | 827 | 806 | 834 | 857 | 912
(mm ) | | |
§=d./d | 1044 |1.020 | 1.100 | 1.160 | 1.019 | 1.034 | 1.008 | 1.043 | 1071 1.140 |
AR | HEE
Khr AR 855 | 949 | 869 | 921 | 874 | 853 [ 939 | 855 | 865 | 906
( mm 2 - | ! i
§=de/d | 1.069 | 1.186 | 1.086 | 1.151 | 1.093 | 1.066 | 1.174 | 1.069 | 1.081 | 1.133
T T 1 | ; r
LI | 540 .| 956 | 858 | 862 | 916 | 874 | 864 | 923 | 862 | 897
~((mm ) Bl _ o
E=d,/d | 1061  1.195 | 1.073 | 1.078 | 1.145 | 1.093 | 1.080 | 1.154 | 1.078 1121
%ﬁf% 863 | 907 | 900 | 820 | sa0 | 861 | 919 | 916 | 889 ° 874
E=d¢/d | 1.079 | 1134 | 1125 | 1.025 | 1.050 | 1.076 | 1.149 | 1.145 | 1.111 | 1.093
- r 1
TR | 957 | 936 | 862 | 856 | 865 | 898 | 902 | 859 | 81 | 959
( mm ) , . | L
E=dy/d | 11341170 | 1.078 | 1.070 | 1.081 | 1.123 | 1.128 | 1.074 | 1.064 l 1.199
| t
| O | 005 | 516 | 810 | 877 | 920 | 840 | 854 | 863 |
( mm ) ) L | N
¢=d./d | 1.31 1,020 | 1.013 | 1.096 | 1.350 | 1.050 | 1.068 | 1.079 | 1
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1
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B 10t
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B a-6 HSALEEHERRRMERS N
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PR AR BB, T HFEE

PR E LRI K 10% .

R A2 WERTRIBENK Y 400mm BT M TUERERDLE. M
PRI L ESEL, =10, 6,=0.003, V,=0.003, HERNHME 4-7 Ff
7R

BT HERTNED St
(B d=400mm) % 4-2
31 | |
SRR | 0y | go1 | 39 399 | 483 | 404 | 401 | 398 | 397 | 400
{ mm )
{=d./d |10025]1.0025]0.9975]0.9975|1.0075 | 1.010 |1.0025/0.9950 0.9925 | 1.0000
IR 402 | 399 | 399 | 399 | 401 | 398 | 401 | 401 | 398 399
( mm )} | - I
§=d,/d | 1.005 0.9975|0.9975]0.99751.0025 |0.9950 | 1.0025 | 1.00250.9950 |0.9975
B | '~
IIRK | 399 | 402 | 401 | 400 | 400 | 401 | 402 | 399 | 99 | 399
| { mm )
{=d./d |0.99751.0050 1.0025(1.0000 |1.0000 | 1.00251.0050|6.9975|0.9975 0.9975
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( mm ) N . NE
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( mm )
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W TSYIR S 1
397 | 398 | 399 | 401 | 399 | 403 | 400 | 402 | 400 . 399

‘_ﬂ(__rnm ) |

E=d,/d |09925(0.9950!0.9975|1.0025|0.9975 | 1.0075|1.0000 |1.0050 | 1.0000 {0.9975 |
PR } !
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{ mm ) - - B o ‘
£=d./d |1.0050]0997510.9975]1.0025|1.00001.00001.0000,1.0075]0.9975 10000

| } '

F i ! o !
%ﬁm? 398 | 399 | 404 | 401 | 398 | 398 | 400 | 402 399 1 397
m i

m 4 B | ;_1____ - SR
t=d./d |0.9950|0.9975|1.01001.0025(0.9950099501.0000!1.0050 0.997510.9925

40 |
i 6.25
1020
30 |
7 ! 0.15 -
B a0l -
iﬂ'ﬁ"mﬁ 1 0.10
10 |
1 0.05
390 194 398 402 406

R d

P 4-7 WS HMBmBRAA
WA S HAMF RIS TS LT R e R AR TLIE N B NS £,
AR LA R R e B R T . REats e, MR
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43 TTHAREARRES A

WM ELAR SN0 ., B E SRR ESHENSEITEmE

EHERAE NI RO w. MENIZRXRTER:
Ou.=1"°0u (4 — 34)

XE n R AN RE T B v RAHER 1, HHEE
M o, BIEEZRAT A, WM SR AR IE TS A AR e &5 B ey {1
HHME p, W25 1.0, fREE o, B TIHERRMNERE. HERD, FR
AR R RS S,

n EBEER S A AE A KRR SR HE T REGE S IR AL (r
APATEIFR T n MERENAREAE y k=1, = n), [FERIX n AR
FERE MR EER o A IME x k=1, =, n), T

fy = 22 (k=1, *. n) (4 — 35)

79 XAV EM o YW, B SRS v BB S0.

X L R PR A [l A

(1) A GFEARE FRE N EAR D SHENE SR IBEFR R
), EAIZEMRETREN

0.=J-Y, (4 — 36)

X B AR R MR E AR e NIV RN 7. &t THMELK
BAREAA, HULES LIRS . REEHEEL T, SRR
REBHA AR RFER, ETIRATTLLAS J 89¥4E R 1.0 TohEER/)
T n 1R¥EE (Ronold & Bjerager, 1992), TG &EE Y (IR E L.
AH

Q.~Y, (4 — 37)
(2) G ERKREETRE Y 6 — My G, R JERT
LR BT B AR A B A ., XBEREEMRE, TR ARA
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BTSN SRV ERGHSE. DORE T YESPRRAY R,
AT, BEREA LRSI R A i, ARG JLAT RS AT e R B

Ronold & Bjerager (i992}-%*ﬁ‘rPT N REREA TR R, SRE
BH. EE API /B (American Petroleum Institute Method)iT 5t B R & &
N SRR SRR E T 5T E N i1, =0.801, ©,=0.103, i3]
XM EBRERG N EREE RS, SRBMEEFOOOMF T A
MY (DBIO8—11-89) 1 FH Birir AR L BB A1 p . (BT SAE AR ER AR 3
MERRRESE. SREYW. IMHHBEEETEES: =10
6,=0.15. AXMEHFITPIRT «BABERRIEIEY 0GI-94-94) R AU
IR AR S AR EAR R AT R AR e it EERE
KR A

-

Qa&:UZ}f" ﬁf'fn‘"l‘-!l"qn‘z‘f, (4*38)
ﬁc':f

fo — i B R LR RE 0

q. —AENREE BT, B LR R

o — PR EIE L. P, $tE2/3,
Xt B 1/ 2;

g, — BRI NG S E R TR
*l!iﬁ:t\ *ﬁf:; ﬂi — ]0_04(f"_) —0.55
@ , 1+ : B =5.05(f) ~0.45

U — W B B K

[, — AR R T R

A, — VR R A,
LT TR B R MR, SRR RE IR, BTN
T AR RSN, TORESET L 43,




TR E 4T

# 4-3
. TRAR i 1
¥ tm) (i) () -
1 0.4x 0.4 x 16.0 2600 T 2183 | 21
| 2 | 035x0.35x120 900 ) 827 w;ﬂ____:.dé )
3 04x04x17.0 1200 1490 i 0.1
4 | 04x04x126 1056 TV R T
| s | 04x04x13.6 150 | 1135 T et
6 04x04x20.7 1800 | 1549 o 116
7 | 04x04x245 1500 | 1875 096
& gax04x172 Tise0 | 1681 093
9 | 04x04x280 | 3250 ®10 L 116
10 | 04x04x13.0 340 798 1.05
| 04x04x215 3000 1789 | 0.79
12 | 04x04x18.0 2500 i 2114 ', 1.18
13 | 0.35%x0.35%21.6 1900 | 136 109
14 | 035x0.35%17.6 950 1196 | 079
15 | 035%035x13.5 800 913 | 088
16 | 0.35x035x17.4 1000 1207 0.83
17 | 04x04x10.3 2800 2355 R
18 | 035x035x127 | 1800 1983 I 091
19 | 0.35x035x11.2 | 1200 1189 101
20 | 04x04x290 | 3800 3939 B 1 0.97
21 | 0.35%035% 7.0 650 | 640 102
22 | 035%0.35%7.0 700 650 1.08
23 | 6.35%035x 11.0 650 7220 | 088
24 | 0.35%0.35x11.0 650 705 C0.92
25 | 035%035%9.0 00 730 i__:__:@f:
26 0.35%0.35x9.0 800 790 1.01
27 | 0.35x0.35x13.0 550 i 670 1 o082
28 | 0.35%0.35x%13.0 550 . 660 083
29 | 0.35%0.35%13.7 800 960 | 083
30 | 0.35x0.35% 13.7 1100 995 | 110




i , T i
® | WERY R | mmRmr . »
|5 (m) (i;s) {;1::) : B
31 | 0.35%x0.35x9.2 600 - 0| 103
32 | 035x035x137 | 1100 1075 102
331 035x035x17.0 | 1850 | 1510 B 122
34 0.35%x035x13.7 1000 1140 f 0.88
35 . 035x035x134 | 1600 | tsto 06
36 . 035x035x130 | 900 o 1 w2
37 | 035x035x166 | 1700 2060 | 0.83
38 | 0.35X035x185 2300 S0 12
39 | 0.35%0.35x26.5 2600 2330 | L
40 | 0.35x0.35x16.6 2400 O 2s0 1.07
| 41 04x04x235 | 2000 1800 RS
42 | 04x04x90 | 700 7 096

i 4-3 PR, TTAERIRRE-38) B ERT e AR H T
n EHEREATEHE: £,=1.0. 6,=0.125, B, AT THERRE
BAMGERTRA, TEBGHREHRAYEN. « R ETESHER
FER 5y 75 BT 4-8 BIAR.
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"
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5 HERESIEEMN

5.1 KB HEARRISRERS T R EENER

501 HEESREAA

RN EEETHEAR B TR M, AR =M AN E s
FArE, B MRS e JLOBECRREERITRELN R REH S, B4 8
DEFMER T X=ZFARBRE BT, T AR P TESR
Gk, DA BERREHTREEE —EMNITRENH SRR RS
2

B, CRFEBEFRITEY (0GI94-94) thiteFEhy R /1 MbIREAR
TR BUR R R PR AR B AT (GR 4--38) AIRAS RN T 8L
ek

Ou=7+BCDLL + fue futa-§ld)] (5-1)

4, kLt a=2/3, £,=10.04(f.) "
A o8 a=1/2, §,=505(f.)
AP SR NER, FRLEE~ HREIER.
5.1.2  HHEAEYESHHRLE
A ST, SRR T DL A KRS P i R A SRR RAG
. Ak, dREE A ER T F R A AR R AT R R LT
B R —H A AR RN SRR AR . Hia]
SEHEAEAMNMENES., LY EERIH, RIEREH O
(Glivenko) &, Btn] FEAM4 1 R PR S A2 R E. T
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