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Improvement of bearing capacity conversion formula for O-cell test

pile and determination of equilibrium point
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Abstract: The O-cell test pile conversion formula neglects the negative frictional resistance of the upper pile of
O-cell test pile. As a result, the bearing capacity of O-cell test pile end is lower than that of the top pile, and the
determination of equilibrium point is affected. In order to solve the problems, the Mindlin stress solution was used
to improve the Meyerhof pile end resistance calculation formula. Besides, the bearing capacity conversion formula
of O-cell test pile and the method of determining equilibrium point were proposed. Firstly, the additional stress
of pile end plane caused by the pile side friction resistance was calculated. Then, the additional stress was
substituted into the Meyerhof pile end resistance calculation formula as the external load to figure out the pile
end resistance of O-cell test pile and the top-loaded pile respectively. Finally, the ratio of the two was used as
the end resistance correction coefficient to improve the existing O-cell test pile conversion formula. During
determining the equilibrium point, the equilibrium point was first estimated according to the empirical formula

method, and then, a new equilibrium point was determined according to the corrected O-cell test pile end
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resistance. The numerical simulation results showed that the equilibrium point determined by the improved
formula could destroy the upper and lower piles at the same time, and the bearing capacity of O-cell test pile
calculated by the improved formula was closer to that of the top-loaded pile. It is concluded that the improved
formula is more accurate than the existing formula in calculating the bearing capacity and equilibrium point of
the O—cell test pile.

Key words: ultimate bearing capacity; additional stress; unloading effect; bearing capacity conversion

formula; equilibrium point

0
O-cell ,
O-cell O-cell
s N . o n : O-cell
( o s
O-cell .
s O-cell O-cell .
o , O-cell
’ 1) (8] N o] ’
0721/ O-cell
R O-cell
R , O-cell
. O-cell
s . O-cell , .
’ ’ 1 O-cell
(O-cell , ) 1.1
tad R O-cell
O-cell , L1l , O-cell
[5] . “ ” , R
O-cell - (Q-s ) s
Qs ’ . ’
( ), o
[6] 1.2
’ Q’S ° 1 ° F
Q-s R O-cell , Mindlin [11-12]
Q_S ’ ’ (x, Vo ), F
s O-cell M Cio



3 : O-cell 395
1
n , i
F, F
o 13 2
F Meyerhof
(o *}?11“,, (1) [1s]
h; ) sm; 1, . D D
L l e fuzfc('Nc—Q—quo)’iA—; EN(,—Q—EYO. 5y6N,
1 (1—2)0n— 1) )
I/,.,', = |:_ £ 377’! +
8 (1l —p) A s
A=2wm—1 3m—1°" O-cell ,
B’ A° Mindlin o,
3(3—4dpdm (m+1)2*3(m+1)(5m*l)7 Meyerhof
BS
30m (m+1)°
=0 - 7 ) D+ Dg
B7 } (2) _f\lzg("CN("+€L1K0 (’Y%_’_O‘A)
CAT=s"+m— DB =5+ (m+1)?*;s= N. +£0. 576N 5)
q v Y
ri/hism=xz/h; ;p . K, ) K,=(1-
’ " © sing’). K, = (1-sing’) OCR™*¢ , OCR
(o} ’ ’ ;Z) ,m;c
’ ,kPa;)’ ,kN/mg;go .
L. : )10, :
: kPa;NmNQ\N\, 566 Ey
LR
2 J 711,,1')'(17" o chNq\Ny
e (3)
c. 2, I
N.=(N,— Decotg (6)
’ L1 201 tang
13 N, — (lJ.rsHTgo)e o
1 — singsin(2y + ¢)
, ) 4Pwsin<450+%> '
= _ se . @
’ , N, 5 2tan<4o +4 ) ®
’ . [M]s P
: pY ’
2 ° I 37 (9

c

1
?K()}’(D/\ +D]-j) +CO§
c+ ¢

[sin(277 +¢)— singo]

S

1— 29 [sin(2y + ) — sing ]
s'e

CcO

1
tang - X cos(2y + ¢) :?KO'}/(DA + Dg)tandcosg

(9



396 ) 2019 41
) (D) & QRD)
J\fl Ny . f‘u]
=— (1D)
, (5) ¢ S
1, :f s [ O-cell
1 o fu-fu (5) o
50/(0) gc Su gy 1) (ﬁv
<22 1. 20 0. 80 1. 00 O-cell
25 1 21 0. 79 L. 00
30 1. 24 0. 76 1. 00 :
35 1. 32 0. 68 1. 00 P=(Q,—W)/e+¢Q (12)
10 1. 68 0. 52 1. 00 .
1.4 O-cell P=(Q,—W)/e+¢(Q —Q,) +Q, (13
O-cell . :Q.
{
Y(DB/T 291—1999), O-
, O-cell
cell :
P=(Q,—W)/e+Q (10)
Q. Q) @) ’ K
;W 3(a) ’ §.16
. . ;s b) ’ b
, : - Qs )
. 0. 8. 0.7, Lo, , 3(b)
y . C) 1) ’
: (10) ’ Qs ’ »
Q; s O-cell ’
, ’ S(C) H
b b ’Ql ’ ’
g , 3(d)

Q-s



3 : O-cell 397
o , 4 o
, O-cell s
0 1:20, 1:2,
( )
s (14)
Q. +W=2(Q —Q., +Q, (14)
f
A =— (15)
f u3 4
:A i [ . C30
’ o ’ 2 o
3 4 s N
. . O-cell ) N .
3.1 O-cell .
FLAC3D , ,
2
5ms, 5m, 10m c=1779 kPa,p=25°,7=18 75 kN/m’ ,E=8 5 MPa
[=5 0 m, d=0.25m =0 38, K=19. 2X10°Pa, G=14. 4X10°Pa
3.2 . Q-s
° Q_S 5 ’
Q-s 6 .
6 Qs
5 Q-s s
29. 45 kN,
6 68 72 kN,
o &
Y(GB 50007—2011) Qs
5 Q-s

Q 1 mm/kN



398 ( ) 2019 41

, 1/8~1/5,
112 9 kN, 39 3 kN,
33 Q-s
O-cell ,
. O-cell . y
&£=0 93,
, O-cell
3. 62 m, O-cell Q-s 7 o 9
O-cell
, O-cell ,
» O-cell
o N L O-cell
3
3 . .O-cell
/kN /kN
112 90 39. 30
; O-cell Qs 29. 45 29. 45
4418 kN, Q-s O-cell 96. 74 32. 60
QL)) O-cell 96. 74 kN,
O-cell , ,
(1)—(3) ,0,= 5. 06 kPa, (15) , O-cell 3
,A=1 25, 3. 88 m, (13). (3)
O-cell Qs 8 ° 0,=10. 41 kPa, O-cell
, O—cell 49. 09 kN, 5. =5. 61 kPa., (5)
: . aD g=1 47,
a3 O-cell
P=Q,—W)/e+¢9Q —Q) +Q, =
WJF 1L 47 X (49. 09 — 15. 43) +
15. 43 =112 56 kN,
O-cell 112 56 kN
96. 74 kN 4. 1%,
112 90 kN,
8 O-cell Q-s 4
3.4 O-cell
. L O-cell O-cell ,
, O-cell
9 . 9 )

, O-cell

o ’ b



3 : O-cell 399
o O-cell [3] . [J1.
s . 2007(12):60-62.
Mindlin (a3 : L.
) Meyerhof - , 2018, 32(1):55-58.
5 s s .
’ O-cell [1].  2009(5) :13-16.
° : [6] , ; ,
a) O—cell , (7. . 2016, 13
s (12).2388-2395.
, [7] ) , .
. , (1] . 2015(4) ;46-48.
, O—cell L8] :
[l . 2017, 31(60) :283-288.
b) Meyerhof o ’ ' C
7. . 2015, 45(21) :79-84.
, O-cell r10] ) i _ ~
, O-cell [Jl. , 2015, 36(5):1288-1294.
s s [11] Mindlin R D. Force at a point in the interior of a semi
O-cell 3 infinite solid[J]. Physics, 1936, 7(5): 195-202.
) , [12] . . . . Mindlin
, O- [Jl. , 2014,
cell 47(5) . 118-127.
[13] Geddes J D. Stresses in foundation soils due to vertical
’ ’ ’ subsurface loadin[J]. Geotechnique, 1966, 16 (3):
’ 231-255.
° [14] ; , ..
[Jl. ,
. 2013, 35(8):103-107.
[1] s R . [15] Meyerhof G G. The ultimate bearing capacity of
[77. ( Y, 2012, 46 (7). foundations[ J]. Geotechnique, 1951, 2(4):301-331.
1262-1268. [16] .
[2] Pelecanos L, Soga K, Chunge M P M, et al. Distributed LIl » 2005, 27(3):275-278.

fibre — optic monitoring of an Osterberg-cell pile test in

London[]J]. Geotechnique Letters, 2017, 7(2) :152-160.



