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Abstract; The settling curve of single pile with grain spillage under the effect of vertical static load was
analyzed. The curve was divided into 3 parts: elastic line phase at the beginning, grain spillage tamping
phase and elasticity breaking phase in the end, and the settling characteristics in three phases were
described mathematically and the mathematical expression was concluded as well. Based on the calculation
of the parameter with the optimizing calculation method, the parameter of “theoretical limit load” computing
formula that satisfies the definition of limit load was presented. Comparing with the experimental result of the
indoor single pile modeling, it is found that this parameter computing method is practical, which provides another
method to predict the limit load and settlement of the single pile with grain spillage.

Key words: with grain spillage; single pile; limit load; optimizing analysis

TENERE BT o A 2R 3800 B LD R R 4 2
JEE R AR AR L BEAE S R ) —
SAb I X PR R S E A T —E MR
J s T U 1) S A 2 3 1 2% BV BUE 7 35 o0 B
VAR 3 3 iy 28 1% 26 pR AR BT 5T MK /Y 52 ) DL B A
P AR R R R R — A AR S 2R ) 2

%5 B #5:2012-06-20
BEE£WAB:HE AR =E4 (50608038)

F o I R R R AT AE V0 I 3 AP A 32 55 1) T 9 AR R
{14 LR AN (7] 5 Sl A A TR B o Xy 7 Y
FPUAE £ DT i 2K HE AT 0 A oK HE AR O 3 B B
T i3 B S 2 I B v ) B 0 i s 52 B B L K A
Je B SR BB PR IR B B I 20 Bk 3 A4S Bir BE A LR 45
PEREAT RO A B A5 AT 45 B B s R R R

YEE B A A EAE975-) . 55 B, EE N 5 07 PG [ 45 318 L 5 45 W L R4 A0 0 R B0 AT 5 . (E-mail)

meiguox@163. com,

M GE(EVEE) » B . (E-mail) chenjian025@163. com,



http://gks.cqu.edu.cn

% 24

MEE,EF . TREERTH-REHROR TR 29

Ao B HRMATT 5 SRR RRTTE S P 5%
Il i 22T e T 2 25 R EE P R K @ L G R DT
AR 28 AR L 1 6 45 Ll AR SR e L A 7 14519
Hh T DL ST 14 B BR R 2800 5 DR
1 FiNEREFTH NIEBHENES

ik

X TR A DU HL A SR )i JEE SR L
AT VTR 2k (I D n ARG R i3k - 1) 25 47 205
ZINESE S A BEL 3 5GP o Ao 22 A A B Y B r
T HRAL I L A S B T S O ok L R A T A T 2
SN By B9 A 2 DI O AR i 2. IR B AR T 2R
R AELX R BT e i A AR N R SRR ) B B 2) 2
07 B8 25 1 K 2 P B A% 2 o B A TOU A R 0
Se + Py JFUf B W T R A T A 7 28 e ot
25 3) Bl A A7 BE — 28 3 K Bk 10 DL R BE— 2P
A AN B 0 45 DA 2 A 4% . ol T i B A Kk
A5 BT AT AF B0 TR AR T2 7 A AR BERE . PR 2
il as WO AR T 800 Py o METUCRE N Sy
BEJRE T 4 1 246 LA o A s 7R HL 1) 281 18 00 K5 O ik
b A ZR N IR B BE L 2 AR ORI 5 O
DU 552 Ak i BEL 3 8 ¥ 74 O A 48 0 I il £ 2
B — B b SO BE AT 2 Py o M THOUL R
S s 5) P Bl £ 2R3 K kIS AR Ak A AR e
B RIKERE ST WE B I BUAE UL,

faf % PIN

O() 500 1000 1500 2000 2500 3000

o T,

y. ",
S : ar,
AN
10 \.\
w ! b

15 r S’ \

PiFES/mm

h
25t \C

30+

1 BBETE B8 e 2

2 HINERHEETEH REMENEEFE

1

R DA b 0 e B ATE A 280 o it 2R TR 285 43
Br o AL A RS TR I B 20 R 3 B D i 2B/
U 0 P BHL 3 2 4 A it BEL 0 A 4 5 2) v ] 11 TR
SEUUIE B 5 3) He ST 5 Ak i BH ) B A4 . 43 iR X
3 Ak PR BT BRBOC R T R Rk HOR A
2.1 REHMERNDZERNEERELE

1953 =47 2% Van der Veen & H 1F % BA B ) for

YU M R AL B Ron
P=P—e*) (D
e @ Jy B WA 2 - UL Gl 2k il R 1 R KL
(1/mm) 5 Py kB FROKERE S (B BR i 80 5 P.S
43 590 b A TBUBIT it o ) A 2RI E TOUIIC % o
1968 4F Chandler $& Hi FI A 2800 A1 35 5K i K 1
S AARREE AR EE LT g - RN

Qoo = o kotan 50/ 2)
X IER B ko~ 1 —sin ¢ fRATS
qu =0 (1 —sin ¢tan ¢’ = B+ o, (3)

Hipp= Q—sing)Htan ¢ ;24 ¢ =20~30 Hf,
B=0.24~0.29; XK H i1, g =0.25~0. 40,
Bk 0325 6, AEMNTEGE 4 2 0 F- 35 8 i A AL
T35 ¢ MM A 2 08 R EE A

2 LR B VR BE AL A TR AR L/d RF
MUBEL I FER B (L/dD o AT, ) B8 BH 7 AT e =X (4) B
KXW B

_ o / (1 — L/d -
g = 0 (1 —sin ¢ )tan ¢ (1 —Ig (L/d)cr)
, L/d
eo (1—1 !
peo (—lg =5 v

AR KR (L/ D 3T 2 TH10~15,
kAN J2E BHL 3 2y
fo= qu X JAEK X KE = dlLq,, (5
AN A i BEL 7 1) 2 45 A 00 28 BHL g 45 T A T
far 8 AR s 1 B A AR C Py S ) (D FTGS)
(i
fi=P =P (1—e“1)=ndlL «B+5,(1—

L/d
g (L/d)cr) (6)
(CEP
o L/d
S; —— 11{1_”& prod lg((l/d)(.))}
a 2

(7
i LA bk B2 B Rk 08 -
P=Pl—e®)0<S<

L
11{1”‘& pro lg(L/d)“)} (8)

Pf
2.2 EXiMEER

A B IS 10 9 s 40 39 5 i 7 S8R A A A )
I H SR ZS . A Poulos 554 B8 325 19 43 #r
Jir 3SR fifp AR FEE 45 1 DT R AR AR

1) A2 2 23 ] 249 0T L 4% o) ] P o A o 25 T 44
SRR A B RV B A BB ATE 1) A A 1T AR Ak 5
2) RN 58 4 HELRE 1 5



http://gks.cqu.edu.cn

30 + K # %

5 x ¥ 2

% 35 %

3) A B 5 HAR T 4 22 6] 4 5 1) o2 B8 P 9
M A 1) 2 K B 3R

MR E R 5 A5 2 2 5 A by SR TR 5
NS

P

7}1 (725 [a] 24 Ji

"R, <7€FEFT“1F'> (10

A PO Eo O R s L g 1,
NUCRERZ IR R K I, AR RN LD 0.5 = =5 (0] 1
JBE - R B TR R W AR R RO T L/ R £ M
BERBG R 25 B8 R BB 1E R B Ok T
L/d Fisg i+ )8 B S AR A LLAE A /L. AT R A AT
I3 — 77 1D FEYUIE T 52 5 1Y) I I 33 A6
PH

KX HORUlE & A Ul m s an it
T Y 4 i

i U He SE I i B AR T A 4800 Py DY T
JESE G BP 2Y 07 e 46 53k B A I, SO 9 U R
Sy SET PG (O 5 A AR

Py1, PyH

Sy L AAh

AT 75 1) S0 i TR
::fhﬁhlp

HL

m2dHEIECP, .S, ).( Py, Sy ) HE LS
O B A T Ay 28 55 00 8 7 il 4 O R IR D oy i
PR R 4 BT LA il 4 Dy stk 7 FD BRI
P, — P,
Sy — Sy

Sy (12)

P—Py =

(S—S) (13)

.o _ )
E== A an A R 0 1 75 0 450 5 B 1 7
b P, — P, (s— A8, 1, [ rdl - 8-, (1— 1g(11/5) )]<9<AA/1 (14)
N , L/d ©  HL 7’ 1— =~ HL
AAhI(,iiln[ mdl. = fe o (1= g g7 >} P,
HL 1— -

2.3 [ERREEHY R B IR B B

HT T SE T e B B 7R B BE - E WA AL
Jir AR R 30 QL) Jir 278 1 il 2k 2 Be CHEA 128 BH 3 58
R )E) A% 2 B ST I £ 00 2 Ab s B e 5
TUIH i B SR BT 2 B A SR B B 2R O

Pi(l—e*)
P. — P, (g AaRI
p= S—

AART, 1 dl B0 (1—1g /4y HL

Ly, L/,

HL a 1
P
Pi(1—c“S) 4+ (P, — P,)

3 mIREUDH

AOH 2 DSHEH EHE B a S Sz WA 28
UURE it 2225 il A2 B2 A9 228 (1 /mm) 5 Py S A R R
R AE T7 (B BR AT 0 & 70 R FH e I A 1) AL 23 A 45 1
JIt v SR A I A 32 435 B — H B R B i A R A /)
FO TR ik B B2 Pe Fa B E S B PR IE 15X
AT S MR B RZE RN BFZ.
Bt e LB R B E W) P F1 a (LA B A A7 (AT
A 531 14 B0 A A =X (16D g T35 5 I R 425 B /)
RZE S DAL O 1 SE S B R 22 R . RIE T
FEAE R A5 70 N G 2 s Xt o (P
S1)s(Py3S; )5 (Pyy Sy )3e (P S; ) yeeeeee , ( Py

P = P(1—e“S%) 4 (P,

AART
S>4@HL (15)

L LTI U S A4 £ 28 TTC IR it £ B
ESU Wl

_P])a

s L/d
) 7iln[ mdl + e o/ (1= lg 70 >J<g<AAh,IN
a 1 HL
P,
. AART
s> HL
(16)

Sy o H PO s 0 G BUE . B0 kN S S HEALE
50 G AR TR R B TR G TR L A
mm,

XEFE  RATERAE R N AT RIS, .
p1 X (16) AR P

BOT R4 P 55l P, 220

AP, =P,—P/ (1n

FE SR 22 R

e = ZA P} (18)
4¢T<17>4t/\(18>

2 (P, — P, (19)



http://gks.cqu.edu.cn

% 2 A B A R UE AR AT B UL W R HF A 31
X Py Sy SEi Bl . B (19) 02 R A2 5 e =e(X) 2D
Py il a (R B 8051 A ] XA HE P Fa 1Y S5 A ) 8, 58 8 oK —
X = (Pi.a)' (20) A X LR ZE (XY N/, EARGTE
M 19 Jy ) i X pR £ HBRNE 2 s,
AR P S,
kitia,P,
AT UE KT Ml
KFPEUE . /NP2
FIHARSR IR, FIH A 1415825 FIR A 15Kk R,
321 HElRz2 3R 223
ARINAS 2158 2%
=) y
minif %= ek P a e
e D TR G
SR 1P a
2 KBTS EIER
4 BB oo
7 3/ N ULFE/mm i #/N YLFE /mm
R % PNl DL B AR AL IR 56 LA 50 em, 300 0.12 1650 6.73
BEAE 20 mm, 38 55 (%) far 28 DORE i e an 1 3 v . 3K 150 0.27 1750 8.55
i WL 1 FHAS S5 v e AR BR A 28K 600 0.43 1 850 10. 35
g}tﬁﬁﬁﬁﬁgﬁﬁﬂfj%%%sﬁﬂg 4 R 750 0. 60 1950 12.13
i PIN
00500 1000 1500 2000 2500 3000 900 0.77 2050 13.26
BN 1050 0.95 2 150 13. 90
st AN
~ 1250 1.61 2 350 15. 80
100 .
515 ) - 1 350 2.32 2 550 19.50
50 \_ 1450 3.50 2 750 26. 10
e \ 1550 4.80
30t

- ‘ ST e A% S O 2 0 28 8 2 T £ 5
B3 sEH ks BB T 2 BB T 2 P T B R A8 10 9 A A



http://gks.cqu.edu.cn

32 P RAEHRERKRE IR

% 35 %

FRATECH P, W& 25 8 U0 1 e 52 for 28 . B

2 AT LU X T IS A A D0 I AT A AR PR 7R 2K

TIAEDUE B R SE T A AR e o DT B AR AR 3R TR
ff R PIN

00 500 1000 1500 2000 2500 3000
T f = )

JUFES/mm
8 & 35 w

53
=

30l
e — A= LUUERNEP-SHIZR —=— A7 DU TSR P-SI 2R
— o LI B 2 I P-SHITZR

4 THEHEE TS

5 & ®

XY 0V B 1) 7 T IR T R B R AT R A
R 3 A B B O g A5 I B i R i i
i 5 (I A 73 AT AT A% Kt 28 3 2 8 T
Bff 5 R R A7 0 I A BR 7 38y Xk R A
DU IS 10 A 18 T 55 1 BROR 3O A T it — 22 1A
WL T 85 S0 o 1 b 25 4 A JIG A7 A DT I I X A 9 T
VEPEARFE )

S %30k

[ 1] Poulos H G, Davis E H. Pile foundation analysis and
design [M]. New York: John Wiley and Sons, 1980.

[ 2 ] Fellenius B H. The analysis of results from routine
pileLoad tests [J]. Ground Engineering, 1980, 13: 19-
31.

[ 3] Pells PJ N, Turner R M. Elastic solution for the
designand analysis of rock-socketed piles [J]. Canadian
Geotechnical Journal, 1979, 16(3). 481-487.

[ 4 Bre 2k, B8R 2R 4 500 55 Akl 1e) iy 28 DL R il 2 m) —
P b 7 1[0 ). &+ TR 244 . 1994, 16(6) - 30-38.

[ 5] Kraft M, Richard P R, Takaaki K. Theoretical t-z
curves [ J]. Journal of Geotechnical Engineering
Division, ASCE, 1981, 107(11). 1543-1561.

[ 6 %M 7. BAAE AR 48 BB 3 A -5 77 28T e ot 4 110 398 o
1] A £ TR 1990, 12(1) - 35-44.

[ 7 ] Randolph M F, Wroth C P. Analysis of the vertical
deformation of vertically loaded piles [J]. Journal of
the Geotechnical Engineering Division, ASCE, 1978,
104(12) . 1465-1488.

[ 8] Bruce D A. Enhancing the performance of large
diameter piles by grouting [ J]. Grouting Engineering,
1985(4) . 9-15.

(9 ) wiae. sphai B #0A0 P-S il £k 09 505 1 ik Fas B

i B TN LT ). 25 + AR %R, 1988,10(6) :64-73.

(107 BRAEE , XUAR K . 3k, 9% 5 A A WE 7K 48 T30 1 — il fei 4k
BRI, 2R B K4 . 1999,29(5) 1 131-136.

CL1] 5 e o At 0 L A0 5 00 925 Ak B UG 0 o 1 336 F
)], T #%E,2010(9) 18-21.

Hu C B, Mei G X, Mei L. Model test of disposing the
pile bottom sediment by preloading [ ] ]. Geotechnical
Investigation and Surveying, 2010(9) ;18-21.

C12] Ay 10 A Ak Al 28 P T 40 1y 900 s o 8 B il e
% E L 200910115234, X[P]. 2009-4-23.

C13] . BRER G . £ g Ao, Ak v 4% 14 X 98 10 5 7T 280 4% 3o v 1k

KR L]]. 55 4 12,2006 ,27(8) :1398-1402.
Yuan Z, Chen ] J, Wang ] H. Influence of end
conditions on load transfer behavior of cast-in-place pile
[J]. Rock and Soil Mechanics, 2006, 27 (8);: 1398-
1402.

C14] B X B AR 4000 45 L s 2 1% 0 i AR R P B 7 1

W) ARl .2006,23(3) : 74-78.
He W, Zhao M H, Zou X J. Study on nonlinear
calculation method of load transferring along pile shaft
[J]. Journal of Highway and Transportation Research
and Development, 2006, 23(3): 74-78.

[15] #E 4 7. VEVEBEM BE Iy st Ak 55 b R i b R [T . 45 + TR
4% ,2009,31(5) :658-662.

Dong J R. Enhanced and weakened effect of skin
friction of cast-in-situ piles [ J]. Chinese Journal of
Geotechnical Engineering, 2009, 31(5): 658-662.

C16] BX AR - T2, T 2. A58 L I8 0 A A VG 190 v s 3% Ak BB 9

S O] &+ TREAR.2007,21(4) :214-216.
Zhao P S, Yu L, Wang W. Grouting treatment of
sedimentary dregs of cast-in-place bored pile bottom
[J]. Geotechnical Engineering Technique, 2007, 21
(4). 214-216.

L1705k /il 5K %2 7. Bk o 1 9 B X7 A 00 BEL 7 52 i 149 BF 52

Jl. A5+ TR%4.2010,32(Sup2) :59-63.
Zhang Z M, Zhang Q Q. Influences of soil strength at
pile end on friction of lateral surface of piles [J].
Chinese Journal of Geotechnical Engineering, 2010, 32
(Sup2): 59-63.

C18] mtE A, JE 4, RE AR, 3 o AS [WIATE 3ifs 4% 4 T A 2R 4Pk

AR [T, [R5 K%M B AR . 2009, 37
(6): 733-737.
Ye Z H, Zhou J, Tang S D. Model test on pile bearing
behaviors in clay under different pile tip conditions []J].
Journal of Tongji University: Natural Science,2009,37
(6): 733-737.

L1945 & 3C, % 4. L 9 1 K A0 58 L g R 2 50 4 T R 4
MrlT] & e 5 TR 24, 2008, 27(6) - 1260-1269.
Yang Y W, Luo K. Shaft resistances of long cast-in-
place piles and building settlement analysis [ ] ].
Chinese Journal of Rock Mechanics and Engineering,
2008, 27(6): 1260-1269.

(3 BWHE



