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The Pile Tip Resistance Calculation Considering Pile Tip
Friction Based on the Slip Line Theory

Huang Xiaolong, Wang Zhibin
('School of Civil Engineering, Hunan University of Science and Technology, Xiangtan Hunan 411201, China )

Abstract: For the defects of traditional pile tip resistance calculation without considering the intermediate principal
stress and the roughness of the pile end, based on the assumption of slip line field, established the slip line field, and
considering the intermediate principal stress and the tip roughness, applied the basic properties of slip line to deduce the
integral constant of passive area, then deduced the active area integral constant by the active area force, and by means of
the properties of the integral constant equal on the same slip line, deduced pile tip resistance calculation formula consider-
ing the intermediate principal stress and pile tip roughness. The formula can degenerate into prandtl solution when pile end
is completely smooth, and with the increase of b value and pile end roughness, the pile end resistance increases, which is
consistent with actual situation. The formulas can be applied to the engineering practice.

Keywords : double shear unified strength theory; slip line; intermediate principal stress; pile tip resistance; pile

tip roughness

0 5|l A, RIS, 20 AW AN 48 %
P AR, St AR IR A A,
ok s BHL g 1) R — B2 o b AR RO T A E A Zead J1 5 o A ig A0 Y — R 25 ) 5 R
W AR G T IR R 2 R ek shim, AR5 SEARZE B BSRAf-F- T SBPE J sh R) RE, ABTE ) 2 )
i B ) VB 25 R 2 R s R SR A, HOAfE eI, B BT Bl e, e
KRB : 2014-07-28
EZE N« B/ (1990-), T3, BIBMEA, WA R LA, FEOr A L 53T TR,
E-mail: 283854103@qq.com




28 (]S N DO AN S S 4

2014 4F

ARG XN, B R BT YT I3 58T R ik U5
TN 2 . HIRAEZ it NSRS Z G, 54
JEA AU RRRAE , i BB ie e A
T TR . VR0 TR RS L B X R Al
BN BR AR 2 34T T 0ESE, (BRBEZE T ] 0
WIS . SR, rpiE] 320 7 6 - 44 IR A IR
PISEIAS R o AT SF I e — s RS, B IR
T E R R, NG 1 ) AR R G
— TN 15 B P 82 Rk SRR b R it P o . ST
[5-6]HEF T Terzaghi MU FR ARy 19 35 58— fift .
SCHR[ 775 1 0 HTRCBT T B 2 B T35k s BHL T 1Y
AR RTTRZEOCCHREVE AL T 58 R BE LN B
SEAIGIRHEEBIBESE, T SEPR s 2 B AN A T
X 2 Pl BREE DR .

AEFHR—mEHER N E N BB, 46
2L BE T RS A AR, B AL A
PR S EE AR &, I BRI X R R XA 2 R v e
BEHRZRWEOL T, SO e B i35 07

1 WNHE-—FENETEBLIHELR

1.1 WEsx—EEER

XY Gt —5if BE B0 =25 8T MBI S R S
P[] DL R A Ta] Hp 8] 32 1 7 8500 B —F 42 3 () 5k
R, HAECRRIRA N

o, —ﬁ(bd2 +0,)+

1 .
{0'1 + m(bc2 +0, )} sin @,=2c, cos @,

c,+t0;, ©,—-0, .
O, S——=+——=5I1Q,;
2 2
(1)
L(0'1 +bo, —0,)+
1+b

[ﬁ(al +b62)+63}sin @, = 2¢, cos @,

o,+0, 0©,—0, .
——+ ———sin@,;
2 2

0,

K o, WREN T

o, AR FEN T 5

o, FH/NERNTT;

o, W BN EESE A 5

co IMRIBTUTIREE 5

b AIALSEL, B B Werh [R5 1 g K AH R A FH 1
B TE R D XA R IR SR R, 0 < b < 1o

2 p BRI B, X (1) AT22 4 Mohr-Coulomb
SREEN] . XBTSREINE . Tresca EARMEN . Misses

Jeth JIR VR U] Ay e M B o AU B8 — 5 B B AT LA 38 4y
S W e 6] 05 S o, X Bk I AR BORBEIR )50
1.2 FENTEEKEEFRE

ST 7 A () 25 ) ST A o0 RN

oo Ot .
—X +——=ysinf:
ox Oy
(2)
Jr,, do,
~ +—=-ycos 6>
ox oy

Reb: o, o S x, y I IITE R
v RYEFIF o FEHK 1 7B IRIH r H
FEFTF 0= PRSI x J7 TG
y I B
oW TSI T 15 5 B2 £
SIS, IR

1 1 c
p:5(61+0'3):§(ax+0'y)=;2» (3)

1
R:5(61—0'3)o (4)

Wars (1) 53X (3) ~ (4), 5
R =psin ¢ +c, cos @,
b(1-m)+(2+b+bm)sing,
2+b(1+sing, )
s o, TR BTG — 5 B PN B BEIEAA 5
o, FR AT GE— 5 HE PSR ARG ER 1 (ARTT D
SRIE ).

sing, =

M m=1 I,
. 2(b+1)sin
sing, =2t sing,_, (5)
2+b(1+sin ;)
2(b+1)c, cos
= ( )CO. ? 1 ) (6)
2+b(l+sing,) cos g,
Xf T RS AR, A
o,=p+Rcos 20, (7)
o,=p ~Rcos 20, (8)
7,,=Rsin 20- (9)

2 (7) ~ (o) fRARHHHRERE IR (2) 1,
a5

ap

a—p(1+sin(p[ c0s29)+6—sin(pI sin 26 +
v

N
2R %COSZQ—%Sin% =0, (10)
oy Ox

a—psin(p[ sin 26 +a—p(1—sing0t cos260)+
Ox oy

ZR(%cos26)+%sin29j=0O (11)

Ox dy
R IEA T N



%5 BN, A SET IR IS IR g R 45 A4 Ak BEL D AR 29
W om0 ) H, ORI BRI 1Y p AT, A 5k
dv (1) N
dy
——=tan(0+pu) . o
0 dx 3 HEEE
. o
Ay o 31 BEAER
oA (o)~ (1) Sl 45 S 0 R A R P10
p=C,e""" o (130 pgy TR aERRIR B . ARSI, XIS
p=Cpe™ o Cl4) JEFT5pHT. P o WAESRERSLEID, 3 ELVRES L R

X (13) ~ (14) W ¢, C BN HEL

o.=c /tan @

2 BRFUHRBBEIERMER

2.1 BREFGREREN
Pl 1 AV R . BOA SR RITELS ) i e
e, M 1a AT, AFREL o, KIS NG
T X 3 S N L R R 25 A, FE 1
RIS sk 590w ) 5 R

o, =p+Rcos2(0—¢)

{rn—RsinZ(G—g)o (15)
MU RS BRI, ATLAREA B p F

KREWNS KA.

@]

p

‘ o \o o)
% =

(Jﬂ,rﬂ)

b) BE/RN ST 18
B mihREs
Fig. 1 Plastic boundary conditions

22 BBEMERMER

LRI SEAE AT

1) [A— IR Lk b AR O 55

2) TERAN G, e, Wiz 1y
YIS 1Y, W L N H

3) RN N, WPR—RER AN EHL, T
Sh—ToA LR, MITEX — R ELM B L LW p N

AR R

1) BEs EAARRIAI, & m F

2 ) Wi i R G5 B RS

3 ) 3 AL L P o AT S UAS DX sk A B S P
R XTI R UL, Hh R A,
FEME IR R0 S B B A AR IR ACH M, BRI B 2
[ i Je AT 45° o

——

Py

q
NEEEEEEEENR
@

q
HMHHHH/ﬁx
i P AN D
2

T
1
|

¥ 4
N 1
¢ C

M o
B2 HEhEBEN
Fig. 2 Pile end slip line network
32 HEIRE
1) TEADIIR E A —g=yn (p 9 BB RIERE ),
t=0,6=0, AXLEMIm IR, Al EREERE
e, BONBESNIRIX . ATIAS 28 S e R DX %A

ﬂ\j: Tn:O’ Gn:yh9 0:%9 R=(p+6c)sin(plo 4%‘:‘[2%52

REMRAR (15), f8rh=p—(p+o,)sing, MK

vh+o, sing,
= (16)
I—sing,

B (14) 5K (16), f#15
c :[7/h+crcsingot

p 1sing, +chem o
2 ) FEAES 5 Wk el 44" 2k EAT RS
o=p, (p, WHESRLST ),z =Rcos20,6=0. fRIZFEEIRAL
[k 1 15 3 e fio=0, (9, JHEAb SRS
JERS RN 5 ey, B—AER ). BRar 44’
BHTARAIRR (15) T3 pmp -~ Roos20,0 4t
R=(p+o, )singn[f3
p, — 0. sing, cos26,

P= 1 +sing, cos 28, (17)

B (14) #1k (17), 5




30 R N 20144

78
_ pu _Gc Sinq)t COSZ90 +o eZGOtan(pt Mﬁlﬁm‘,fﬂ‘

! 1+sing, cos 20, ¢ : ans = Yy (21)

MR LA EEAMETT 1), [A—AEHBL LW ceotg o,
BUNMSBORSS . 4 o W1 B, AT 3 FP T S A HE S
P, —0,sing cos26, | 26p ey _ 7,=-2 R sin 26, (22)
1+sin ¢, cos 26, )¢ R =c, cos P+ psin @0 (23)

Cﬁ:(yh+a?ﬁn@_HZJGMm%
I-sing,
(yh+o,)(1+sing, cos26,) (-2
I-sing,

M AR A BB E R RO R, AR
SERIL A H
(yh+o,)(1+sing, cos26,) (n-20p)

e

T 78

u

-0

u

: m“—q¢lyBN;
I-sing, 2 ’

(18)
A B NIERETE R ;
K
- A}EM%%%W@iEﬁ

cos’ o,

ZH, AT 1GT 94—2008 ST ARBE ) 15
3) FE 11 K AR T PR, ZXIE Lk
Y s B e nh 2k, Mgk orfeh

G’lan(p[’

1
N, :Etan(pt(

F=re (19)
Ko AR 5 Ac ZIAIKIESA .

TERE s AN G A OL R, ARy AR & i TRE
Uity BEAEE T ) AR — AN SRR A, B RN 2 TR
AA' B« HABOBRIHAR 45 BER—SRIEHL, Wi
SREEPESY RO, B SRR M (Ko 4’ B 5
1AZ@%%%)ﬂM%ﬁﬁw=fﬂ+%ﬁ%ﬁi
N3 75 01 5y Bz A e £

W 2 h=MIE 44 B' BIUT KR A1

B

2cos(n—9+(pt]
4

K=
2
ﬁAB“%ACZﬁ%%@%%+9,%0=%+6&*
13 - fRAS (19) 15
B e[gﬂ’?jtan(/}l
2¢cos (E -0+ ﬂj
4 2
I, MR RS LR N 4% 4T E .
4) MTAGE MBI 0< 5 < @, (SHELAAL
A ik T P R A ), AN S8 A LR SR EE R R N A 3
Fisuon, AREE] 3, FEFLAh5 A il b A

1., =(c cotg, +o_)tans,
Ao, = p+Rcos20.

}’i:

o

(20)

R (22) 1K (23) FRASK (21), 18

—sin 20 sin ¢,

tans = (24)

1+cos28sin g,

F G AT AR AR EE 5 i 5K g

4 P a,
F] X
¢
o

B3 AREHEEERS T AEMEEERE

Fig. 3 Mohr circle of incomplete rough

substrate and soil contact surface

4 BEOIWIERESRSH

BSA — BN 400 mm I BEIFIEBEREAS, 4TA
HREEL 6 m, Btk LA 20 kN/m®s ¢,=20 kPa,
¢,=30° o TESHp WORNFMELR DL (R vpa] 20 1
ARME) T, alis ASCA (18) LA SR
IS A AR iRy, PRSI 1, £
o Flc it (5) TR (6) il

R1 AR EMERENITESER
Table 1 Calculating results of pile end resistance of
different values of b
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Table 2 Calculation results of pile end
resistance of different roughness
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