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Analytical solution for borehole contraction caused by radial unloading
in cohesiveless soil

ZHAO Chunfeng'?, FEI Yi'"?, ZHAO Cheng'”*, WU Yue'”, WANG Youbao'*

(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of
Geotechnical and Underground Engineering ( Tongji University) , Ministry of Education, Shanghai 200092, China)

Abstract. The drilling process of a bored pile can cause radial unloading-induced borehole contraction. In this
study, the stress-displacement solution for a borehole under radial unloading in cohesiveless soil was derived based
on the SMP yield criterion and the non-associated flow rule. By combining with earth pressure formulas derived from
cavity wall formula and Berezantsev’ s formula, the variation curves of borehole wall displacement with borehole
depth were obtained, which were compared the results of the case with elastic deformation ignored in plastic zone.
Parameters study shows that the unloading factor n, borehole radius a,, and internal friction angle ¢ had obvious
influences on borehole wall displacement, and the effects of n and ¢ had a critical value where the borehole wall
displacement was significantly increased when n and ¢ were less than the value. However, the influence of
dilatancy angle ¢ on borehole wall displacement was limited and could be ignored. In addition, n was a function
only related to ¢, while r /a was a constant value only related to n and ¢ and had no relation with depth, which
suggests that the self-supported depth of vertical drilling in cohesiveless soil was zero. Moreover, it can be found
that the wall displacement was smaller and the plastic zone radius was larger when elastic deformation was ignored
in plastic zone, which indicates that the solution of ignoring elastic deformation in plastic zone is not conservative in
engineering applications. Lastly, the value of borehole wall displacement with different earth pressures along depth
was quite different, which shows that the selection of earth pressure in vertical drilling should be combined with real
field measurement.
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Fig. 1 Mechanical model of cylindrical borehole contraction

-5 R L] AR A B AR i Ay

L (3)
ap p



#4 BAFRI, 4. JBhHE+ PR FLAZ 1 A A R £ 137 +
L, U DR AR AR
[ | :p (4) ¥ =0y ~Ba,=0;
= il 1
T T p B="7{v8an’y +9 + (14)
_1-4 M 2
A ("P l—f‘*)’ (5) /8 tan’y +6 -2 /8 tan’y +9 1}
1-4 o A3 .
o2 0y 1s,). o rfj ;giM&ByJ}KﬁJ
il
- THT R AE S T Je B Y SMP iR -
7, 1 de? =dr 25 = —pda,
=R = {VBlan’p +9 + 90, (15a)
2 3 (6 <d8p=dki=d/\, (15b)
V8 tan’p +6 -2 YBran'p +9 ~1}- (6) + = 5,
Ko, BRI ST, 0, R AKER 6N T 5 45 P (15¢)
GILIAE T o, F/NERLS, 0, FIRERS], B R, £ =%, T

ARNER N Z L. ¢ A ARNEERE A, = Rh R 48
LG 75

IVipuE = 3L
{G'p(p=a) =p, (7a)
Tplp==) = Po (7b)

3 mBHEME

3.1 MRS GBIHRE
ia(3) ~ (5) KK (Tb) , 5 R th ik X
IR S LRI

2

a,=po+(p, —po) (;”) :

-~

5 (8)
ro=m=n,-n0 (2
v ©

R (8) AU SMP Jii fiRAE I =L (6) , A 38 48 4
ST 18] N ) A

_ _ 2p,
pr_gp(p:r,.) i [
ps

3.2 BHRNA.UBGEE
S XN 7 [R] B 6 2 L 7 F 5 143 7 R RN
SMP Ja AR #EM K= (6) FLA(3) 18
o, =Ko, (11)
A K R E L
K i Sy FEEAEE(Ta) Mz (10)FRAZ(11),
QRS0 o)

(10)

K:pyrS*R"s) =pa' ", (12)
U 8 e DX AR [ B i) 7 7 A

(Rys=1)
_p R _ (P )F

(TP—KP E =p a) s

(Rpy-1) (13)

Ty :Rpst(RPr” :Rpap(%)

B (15¢) , 256 50 48 M 30 5t 040 h i 220 28 1
7R A O A% {4 ] A5 85 ) BB AR 2 0, B &) = 0.
HRPE-F R E , Toie AL R falFieiR s 0 28 (E
W07 55 T BT 4R U 1) N 2R {EL, B &) + &) = 6,0, H
1 £ R AL B b A ) 1 V55 v o7 AR AR SR
HHTE, e MIRER R e =00 —plop+ou)]/
E,H o, =04 =p = Kyoy, KA LG IEME )
RIS £) = 2,

15 7 B DX SR PR A 3T R AR 88 1) 1 ) A

1
Uz:(a—zﬂ)po +'U,(0'p+0'¢). (16)

B LR X Y B 7 R, HLAE 8 0T
aEAKX(13) 7%

£y :%[ (Rps —Rps,u.z ) —#Z)Kr(kl’“l) =
(L-%u),up ]
KO 0l

ey =l (1 -y R - R pu* ) Kr'™" —

1
T E

(%—2#);%]-

0

(17)
H(15a) ( (15b) , H AR 1A Jil Al i 4% [ 2
PERIZAE R O By 25 AT 15

&, +Bey =0. (18)

HRAE M X R AR e R B = (18) 78
g, +Be, =&, +ﬁg;, (19)

¥ U A FE(4) LLEER (17) FRA AR

du

iﬂ;%": — i —h, (20)



- 138 - WoR T

8552 %

o
;=_%<11f-mg—uww+mg—ﬁm#”—
Bu—Bu’)K,
=%(1+3)(KL0—2#)MP0,
it 215
b =Gyt e, D)

A X RS, Horh € AT RS
FESAYATE SR H p = r AL, th AR 1) A7 #8640 55 B 4%
7, 53X (9) /%

% h )r(l+Rps)+L 2R, (22)

= (Pv —Po r
26 Tp+1) 28
W X AL N
i ghe s

ZLB?‘?""'()_Rpﬁ —Ziﬂpkl“ —ﬁp. (23)
Xt FAE ALY T &, FLBE R A2 2 4
u(a) =a —a. (24)
T a il @ 43 51 AR I FLEE B9 40 46 A 24 1242
u(a) FAEIESALEE MRS, HoAE SCrP R AT 88, A g
AR MR R 2 E. 4R (12) .(23)
F(24) 1712 a.
3.3 ZRBHKENTHAOMCBRE
SCHR[ 1S T3 8], 7EAEFL I HE S 72 7 A M4 X G
[ 3o 5 5 2030 A 10° ~ 107, 7] 220 Wi LM AR
BOREIE. N T X L AR SC AR, 214 22 W 9 1 X P 1
AR, (19) 2R
&, +Be, =0. (25)
B RR R (4) A B, AR IR i s 57
AV B ARG B F i, T AR YA T XA RS
po(1=R,) pr, 4*P
% =26(1+R,,) (Z) P
E R EE ™ ]

0 =Sy o)

(26)

(1+8)

D .8 a=
a

po(1 —RPS)
26G(1 +RPS)(

453 (24) 7THER a.

@_Po(l_Rpa) 1+RP5 ﬁ‘%

a ‘2(;(1+R,,5)(p 2D, ) :
MY ) o 18,4560 (12) A 15 H B X

f[:z:rp{ﬁ.

1L+8
1+RPE)1R»

(27)
o 2p,

1=

(28)

4 A5
4.1 EHFEEFHBE

BEHLNES p ANT IR ] p, B, FLIA A FF
URH BMEPE Bl p<p, , 85530(10) 17

p<2p,/(1+R,). (29)
3R B L rr £L R e A B AR T G SR 1
S p =npy, N

(30)

n-.<_l +Rw’

K n A IES & o EE . 556 T MRk )
H(6) AR (30), AT N EEE A & SEITTEF n
KRR ANE 2 fos, \TRAE &Y, B A n 22— H
SWNEEM ¢ BERHISCRM R, H n bl ¢ 1938
RAEL A i)

1.0

0.9 Fa
08 \\\
0.7 —
0.6 -
05 -
04 - \\-
03 -

B2 AEERSHEETFHXER
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