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A Study on Pore Water Pressure and Time Effect of
Pile Bearing Capacity Caused By Penetration of
Prestressed Concrete Pile

Abstract

Prestressed concrete pile was developed based on the technology of
precompressing and spuning concrete. For its advantage of cheapness, reliability and
convenience, it is extensively applied nowadays.

Firstly, associated with practical engineering problems, in-situ tests are conducted
to study the pore pressure, tip resistance, static piling forces, bearing capacity with
time during and after pile installation. Experimental results are obtained on the
generation and dissipation of pore pressure, time effect of bearing capacity, etc.

Secondly, based on the cavity expansion theory presentéd by Vesic, an equation
for calculating instantaneous pore pressure is proposed. According to the solution for
dissipation of pore pressure, the rules for generation and dissipation of pore pressure
are analyzed. The influence of radial distance, elastic modulus, pore pressure
coefficient, undrained strength, horizontal consolidation coefficient are discussed.
According to the effective stress theory and the failure form of soil-pile interface, an
analytical solution is proposed for calculating the bearing capacity of pile with time,
and the influence of relative parameters are also discussed.

Finally, by comparison of theoretical analysis and measured results, the rules
presented in this paper for the generation and dissipation of pore pressure, and the
time effect of bearing capacity are verified. The difference between the theoretical and
observations is analyzed and assessed. The work completed in this paper provides
some theoretical and practical grounds for the application of static pile installation.
Key words: Prestressed concrete pile, excessive pore pressure, effective stress

theory, bearing capacity, time effect
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B or MR EALIRMER, C A THAHEKIIBERE: v AT
WAL o, HILBAKENZE, a,=0.707 (34,1), A, ALBHRFEFLER

3.2, 5 FHIZKIEEE . ERARLIBEERREFHN N ALHXE
—. AEETHIK ZHR Gl o
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BT P LAt

UU B (BN A B & AHEK Z5R 5 TR &b T A HEK &4, EE=HBIPIX
EAZEH o ERATFIHARERS, WTEPSKEFRFAZE, HHE
SR AR AL N AR R — 4K T, 1838 Mohr-Coulomb 2=,

¢,~0 (3-29)

O, — 0,
2

Cr~ (3-30)

KF, C,ALHAHAREBRE, o o, BENT
B4 LA H AR S A HK SRR BANE RS AR RE 1, BT
DA BE BT UU SREG I 52 MR 078 RN J1 58 B 364 - UU B — R R T sE

S L AHAK BT R C,o

25 R HK ZHRI PR R IR “FE S RERFRETRR
ERN AR, BRE TN ARRT IR ERRBLEFTHEHR
RPRA, HI&ERERRERNARETHESRY LANEZ. NREM
TMERRESEL, EREAETE, HEBELLMRETE, XMLER
ERE. —BARKLEFEEOEERRATHENEF, BRAE—E
HIERE, MYTHEE-EHITESRERS, FESRIBE=HMPENN
EHMMEETLERRERS.

FAR T2 P E M E G R R R AR, B e A HE KBS
rE C, hEMEFRETMN . WHKIER Bt AEK U8 3RS KB

%ﬁﬁﬁ%ﬁﬁm&ﬁ%iﬁLmf}%?ﬁﬁ,ﬁ%ﬁﬂﬁ%=%HEit
MHEEE, LUt ERE, %{a@x, Skempton(1957) R T 2

i%%%{%i—‘ﬁﬁﬁ%ﬁ L HI%E,
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RN e e A

& =0.11+0.003517, (3-31}
P,

=R, L2217 HERTRL, AEMBREEERE. REFRL.
B (e>1.0. W>40%)H I, — &R 21~25, i, AT A +(e<<1.0. W<C40%)
B L, —Hh 17~20, ATBAMA b al 8
C,=0.16~0.20 p, (3-31a)
AH, p, AEMELBELEES
= PHPKBIERE C EERMAEERER C'. o XRMELESS,
WEHERRLETERBS p, MAKFHRLS Kp, ERTERS, B

BAKEDSETE, REBRKEN Ao, M Ao ERHEAEN TEIMER. 5
RN A5 A

o pg"*‘éf_}'; (3-32)
o= Kep,+A0 (3-33)

A, KARutEDRE
IR B -t P AR FLERK R 7 A

Awe=Ao idy (Ao - Aoy (3-34)

Ref, A, B INFLERE 51 R AL
ARG RN 1 B, AT AR B A AR Sk R

GmeD+A0"1 _[A0'3+Af (AGI _150'3 > ]

=p,+ 0 -4) (Ao, -Acy) (3-35)
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o) =Kyp, Ao, -[Ao, 4, Ao, -Ac,) ]
(3-36)

=Kgpo "‘Af (Aﬁ'] "‘AO‘S)

¢’ | f/ !
o
UUBEEEA 380N 0 (R R o R S [
BRI _EEP UU REH N A BT LB S TR
. e Cu
sing TN (3-37)
g e

hE L, &

¥
+ .
C= Elmg_i"i * sing’+¢' cosg
&_0"1" ’3,Sin ' oo e ging ! ' '
¢t oy sing tTC cose
=Cysing’ + ¢, *sing’ +c¢’ cosgp’ (3-38
(3-39)

m (3-32) f (3-33), &
C:E(cr—cr )mi(l—K } p +~—lw(A0' ~Ao,)
H 2 1 3 2 dat’} a 2 1 3
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TRABHT:
Ao -Ac2C,-U-K)p, (3-40)
#ERRAK (3-36), B
o'y =Kop, “42C-1-K)p,] (3-41)
B EARAR (3-38), BIRLFESE:

_C'cosp’+p,sing e [K, +A; (1-K,)]

C, : (3-42)
1+ (2A; —)sing’
MFEFESEH L, =0, TREXAXER
o sing '« Kot A U-K,) (3-43)
Po 1+(2A; ~Dsing’

B LR TTLAE 3 %—fﬁ'—wf\ 0! MK M. HA—FL, 4 o’ F
Ko MR, %uﬁﬁ@éﬁ*ﬁi%%ﬁ%ﬁ%"ﬁo

— g, ST IEE B &m0’ =10° ~20° , T 4—R/H8 0.7~1.3,
F AXF3-42)REREmR A, M 4=1.0, TE7#E/

G, =(.15~0.26 (3-43a)
Po

EREHB-31a) LRI

& M 0 T AKALFE-0.0~-2.0m, BB ER FARMEHER, THER
19KN/m’, F21%

C,=1.4~2.3h (3-43b)

K, h A LREE
3.2.6 BYR WS

B ER AL (R T IR h( C)F HER AN, HMEMERES: WA
BEERr, TEMEEEE RKENR e, .
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THE - FHS LA B ERAT A .

BEETRRAMNAEYE. SR AMARSEE, ®iFEK 30m,
HER 0.6m, FIAE v=0.5 R, WaFx LiEwERETHN.

(WAHKF B BEN WAL, a,=1.414. 1=66)

PAr BIEL 5 RFEARIES (C,=8KPa) Mfllsh 1, 13 Ky Ab IR Rk
TE (G, -zoxpa)#JMJﬁ 2, 23 KRB RBAE L (C,=38KPa) Al 3,
HEATLEER . BRABER LR A o BRERERES riyiHERingg 3-3 71,

250

200 A © —e—Cu=8KPa
p \ —8— Cu=20KPa

—#— Cu=38KPa

AU/KPa

e

’

100

50

0 2 4 6 p=r/ro

E3-3 FRCTHEAEEERZE

M 33 PETCCEN, B C, A KA FLBRAK B i 2 sl
W R LA LR, P AR EE L EAR R, A EERED C, BR),
PR B R ILE R K
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WAL RS 38 5

OREEENENR (410, a,=1414, =66, B C,=1.65h)
BT BEAR p=rir, 3BIH 1, 3, 5, 7, 9 BEEBERMHITILR, AwH
oA 2 oL L 3-4.

AU/KPa
0 30 B0 90 120 150 180 210 240

——r/ro=1 —®—r/ro=3
—de— ¥ /T0=F ~¥—r/T0=T
¥ r/r0o=9 .

=
25 »
30

. E3-4 ARERELEEEEEL

B 3-4 A, YIBRRLBRKEDFEMRS RN LET 5HRELFRIEL
KR, EESE, BUBK.

(3) THFMIEE E M (o, =1414. C,~20kPa)

W HBAFE LAREE R  E=2MPa. E,=SMPa. E;=10MPa. E,=20MPa

WATHE, HEAEH Awr BEHZLERILE 3-5

\ —e— E=20MPa
“5120 :: —— E=10MPa 1
2 x\\k\\ ~a E=5MPa
= 90 |
< \ -

0 2 4 6 p=r/ro 8
B35 AFHEEETEHAEMEMIEL
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WL RFEMEL AR

ME 3-5 FEILUE N, BILERE E MM RTHEEK, BHAAE, §
R BREGEEEWRAD . BESRE, =& EANBELENZHAREE. =
R R RSN T AN EA B E TR PR, A EgEe. 8l
T HBEERAE, WLEEE £ BRI RNEN IRR, FTUEW
AR

(4) FLBRAKED Rl a, FIRT(C,=20 kPa,l~66)

Mo FBRAEBABRKED R e, =15 a,712 a,5708 a;=05
BATHE, SHEATR N Aur BhZE A LIS S L 3-6

—+—af=1.o
& —&—af=1.2
© 90 <
il:-a:- -Q‘c
famn
<
60
30
0
0 2 4 6 3

p=r/ro

E3-6 ARAAERETHEAERZEL
ME 3-6 FETLAE N, @BILERE A0 AI8F £, Hipmilh, LE

BHEKL.

3. 3 FBFLEAIK E 715 Bl ap e (19-52:53:54]
3.3.1 AR R EREE



BT it 3

il | BHX

3-7 BEREEEERER
(1) XEFEEWAGHEBRLT AR T LA 5 SR EE I
RN AR T R RS e KiE o, P &M@ LUK E RN
BTt (E3-7,
RIE TS U B K ETLE IR, 458 Vesic ISR A
X, EREEEY KRR B LB E D TURATARMGE:

¥
u(r,0) =[0.817a, +2ln(7p)]s,,,?‘o <r=<r, (3-44)

u(r,0)=0817a(r, /r)s,,r >r,
K w(r,0) h HEEEREY KT RO TIGBRILEKES: » AN R 5
LFOMER: o AFTETRERE: b PBEREKFRE,
v, =nyJL, 1, = Ef20+v)S,): vAiEidth; S, A EARHOKSRE; Ehdik
AHKER: o, ABA AT Henkel FLERKIENBH, a, =070734, -1); 4,
4y Skempton B FLBRAK R SR H: o 4 Henkel FLERH GRMERA: «=0;
T O<a<a,, EEFESFES, BMEYRE BEAFHR HHR
AN H o =a,, RAKFEEANTTRa=0).

(2) BB e 5 BB L F LT B (8 JT R, R R L4
ZR—AEEER. ®ik: 1D TEAEES S mREEnIE. 2) 25

65



WHT R L2

RAFLBKA T ESE: 3) TPBRRNEATEER: 4 RAERRABH: 5
BRAREAE; 6) BAMFIARKEAES RYEREEREH R BLRFAE;
7) HAEHEEHILRAHL . ERLBKEARESEN: 8) LHRESE
BANER. HR—ERSER, WTUHRSHER L AT RS2 EE S
SRR

2
Ou_Ou 10 olT>0 (3-45)

T o' pop

b p=l; 7= THNBEEE, o LENEERY, HELHE,

o Fo

TR (3-45) RERIEE EAEERLEKE THBH RS TR, RH
WRVIERFZM (3-44) MR, HABE| 4B ER LB Ik ) BEAE i A1 A
BB RR.

3.3.2 B HBENERKN
MR Lk, BB EESRE (B 3-7) 7RS4 T A,

2
ou _ 0 M+l£j—Li,p>1,If‘>O

T 8’ pép

u=u(p0)=[0.817a, +2n(E2))s, T =0, 1<p<p,
pel

u=u(p.0)=0817-a-5,(22)2.T =0, p>p,
P

u— 0,7 > w0
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FHL AL EMR L

533:10'011,2" >0, p=1

u=0,Tz0,p>x (3-46)

A, HIAFBKRRY

2 (3-46) AT RS HEE, HHEESIHRAYE, TOHSEE
B HETRE. Su=TT) R(p), RABSEBHTE (346) 5.

2
[ER, 1 AR)_ p (3-47)

HAE (3-47) 45

Ei-~~}:-1-+ AT =0
dr (3-48)
7 5> 0, >0
AR 1 dR .,
at o ap R (3-49)
erp=l=ﬂ0R|p=l’Rlpzm=0
A A HEEIEELH.
AR (3-49) HEFE, WEFENRERECIERE:
R(A, p) = A, (Ap) + BIAYY, (Ap) (3-50)
ELRRIER | = KR, TH:
(3-51)

kr A (A)+ B(AYY, (A + ALAQ), (A)+ B(AYY (4] =0
HFAEBIESLEE, F A = AL (D) + 1, T, (A)
B(A) = A/, (D) + 5, Jy (D)]

Fk, & (3-49) HAGEREH.
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BT REFEM T EAB 3

R(A, p) =[AY}(2) + s Yo (D () — [, () + &7, o ()] (A0) (3-52)

AF Sy, B BAEMH—FrE—3 Bessel A¥G: 1, KA AR FEHRA—H
2 — 25 Bessel A%,
HIE (3-48) RN

F=e*7 (3-53)

&R (3-52) F1k, (3-53) BRIGE (3-46) H)IELENR

u(p,T) = fD(/’L)R(A, ple*7da (3-54)
RAHIGE FAF
u(p,0) = fD(i)R(A, p)dA (3-55)

HR1E Bessel RBHIIEAH, B

v 7 0)d, (3-56)
D(A) N [ PRG, pyuo' 0
W, ulITEEfEA:
! ! ' . -2 )
w(p.T)= [ v L [ PR Yl P, 0)dp")- (A, pe ™ dA (3-57)
=,
N(;L)=[U1(/1)+’C’0JO(,1)]2 + ['2'}’1(41)+10’0Y0(-;{/)]2 (3-58)
A p,Ji (4 BA)p, Y, (A
rp’R(A, pr)u(p:’o)dp'zo_sﬂafsu_[A( )P ( pp); (D 4e,)
A(A)J,(A) + BY,(A)

1 1+ {A(ﬂ)[J (4) = Aln(p, ), (A) — Jo(Ap, )] - B(A) X, (A) -

Aln(p, () =Ty (Ap, 1} + 081707 - [ LA, (4 + B, (4p)dp)  (3-59)

> P
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R (3-57) EDAEFAHKEMHTHEMEZEESRE.
TEITEF SRR LM OSEEAHKESF: OFBEAKES.

D Bx=0B, 7£p=1abHARHKLREM, %:o, X R N FIA

WAL (9) RERE 4. BA)FHIA:

A(A) =Y, (A% B(A)=—J,(1) (3-60)
R(A, p) = (A (Ap) = J, (D), (4p) (3-61)
N(A) =J, (1) + ¥ (4)* (3-62)

@ Br=oll, £ p=1AHKIREME, v=0, IR NA)FFILT
2 (9) REEREE A BA)7RA:

A(A) =Y, (A); B(A)=—J, () (3-63)
R(A, p) = (Ao (A0) = Jo (DT, (40) (3-64)
N(A) =J, (A + T, (1) (3-65)

3.3.3 BRI M

—oRB, EWILENBNEIERES. OLEAHKIRE G, @+1
HHMEEE E; @ILER e, ; @LHKFEERE Gy

THEA—H AR LA E R ST R

R TR AT B, HE R o0 A1, otk 30M,
2 0.6M, JARAEL v=0.5 %, TS50 LR E B RLE = SRR E)
B B ) BV AL AT 0 AT

(DRIFELL 1 895

B C,=20KPa, a, =1.414. C=TX10"m’s 55 5l ARBIBEL 7,=40,
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E3~7 ARRAE TR FEZEL

MWE 3.7 FTEH, BEERIBELL I R A HKIRE 60, W8
FUERFrR, (BREE R REESEERLAN, LTEFERNL, A LB,
BILERT 72 D EI(ENET 3 RyERER, BERHEBT FRHERE.

(2) AHEEAKFIBYREE C, IR
B =70, HESHERE, W90 ARAHAKHEEE C,~8Kpa,
C=20Kpa, C,=38Kpa #ATHE, TEHABIHBERILZENE 3-8,
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HEHE C, FEXTIHR, E%‘éﬂ:ﬂﬁ@éﬂﬁi, BRGETFE.

(3) Herkel LI R, FIRSW

B C~20Kpa, HEZHHE L, AasARALERLE 2, =15, =10,
a,,=0.5 FATHLE, HEIBNHEHLILE 3-9.
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BT A 2483

BP9 ekt BEURSRRES
MNE 3-9 FA[ R, LERR e, ANVHBAERREN. BEHAK,
B3 HROE R LR ™.
(4) KFHEERE G HIEW
B a=1.414, FLEBHE L, Ry HNAFRELSRE CG=1X10°, 5X107,
1107, 1X10° @47, THEERihE LE 3-10.
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BT A E A3

JAE 3-10 FA[E W, BEFE C K, KTPHEBEESE, % c=10°
B, EEUES, JLPREK.

3. ABIEH TS ISR B G RAT LR

FEE I TR MIEWIAERE 135 KR FILET SR, 317
ST

A 3 07 v AR AL BR K B R Uk B A R i B FLER E RT3 AL
(HEBH C=28KPa. I=100. C=7x107. 4, =1.0), SELPLERMLRWE
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HoE, MHIZE 3-11 BIaTEL, Fidemnfian Sa B mERAEMEE
BK, BAMSEREmAHEER . FEX—HENERSHNEANES
*o

OHTRERY RERF LRI A3 AR A EAL R~ E R RE
0, TIERSTHE PR R,

Q@QUEITE&RKBHE, BTHROS LHEEENE, THFBKE
HEMES T MEE, TRSEE IS/ w R EE;

@i FHR M E &R % FE ML R AL BB RS
BREGHEAZ, MEFAENEIETRIIRSG T EZIMS). FE, £
R =H 11,

Hk, M 3-12, 13, 14 (=62, 108. 180h) HIZE{LihskE, HibZml
W&, SRBA—.

M 3-15 B &1, R=0.75m S & FL I Sk UM B {5 AN RUHE =] . 726U 100
ANEF CEUET 4 KD, SEMEEERERK, HEEH k. BEKHE, SiE
BGEE L EREER, BREFRETHR RN, XTiELHTU
EERRERE. AEER, LEMBVIRERSET, BENENER,
BERFWRA, G mEBT ISR TF,

3.5 /hig

(1) XA vesic BIEEAT RHEE REDRRE, BrHEFILE L HEER
BEHEILRELTTIE, HRBILIEFEN.

(2) R ANELEDHKRR, RHNERECAREEEHNAREHEST
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AHKHBIRE C 5 EMNARERIFC' . @' MXE, ot TIEFREEH
st CHETERE h(BIEMLEENT A)OBEFEERR, HRTVHEE
LEAKEN ST ERESRTFVHRFE RN IHXER.
(3) B —HEH AT THXSET BRI BRI ZEo T, ATA:
1) CAFIREBILERWE R, TEBE, CGBRX, BEESRLE LR

2) B EHLECHRN LESSREILFRER, BSHTEL
K.
3) LARIRMAEE £ X HIAGHE L A K
4) BOAETH) Henkel FLE R ¥ o, MWK LT BEH.
(4) BE—EEEAT T HXSEEE LR R B 4T, AT
1) THERIEL LGB LERER, MHEERERRR .
2) G T X ALE R B wISS, XGRS th AR .
3) o BILEHBERLTFEER.
4) ACFRES R C 3TBHR LA TR MR A, & G107, W
HUiRig, BEE CORMEA, HEUEEEA,
(5) BIEIiLAI 5 TREBSEME L, SRBAYS, RNXTAF
FERIREVAT T 447 -
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FME EEFESMEAERENHR

4.1 8i8

N A ERTABNEE LR, BTHEREEERER, REER, &
BN R, ZUUHRSTER, AL ERS. BESFERENL
BUKEA, FLBKEAREBAER NS ERERFE M RKHTE.
BEEMEA T AR, HRRARIIKEEA. AEEETEFRINARELES
i%ﬂﬁmﬁ%%ﬁ,ﬁﬁ%ﬁﬁﬁﬁ%$ﬂﬁmﬂﬁﬁﬂﬂﬁﬁﬁ,ﬁﬁ
A FEAR IR AR T

4.2 ERHHWMERZEC T
FARRFR AL T O, I ERRME S O, FBHRIRIKMES O, HW, FE
B EMAHEER W, BERERAED Q. TRRA
OOt Op= L UiLiGsutApgpu (4-1)
A Ly U—HERASE | B E RN & K
A— SRR AR
Gouin G505 1 JE T AIBRBRMIBE h Fd5 ) EAR PR o R )
Ou~ Gsuin gpu IR I F KA FRLM T
(1) FREGARE
JRAVF LR A A5 G0 I R B WT B (W e AR D 0T . B AT
SEAEAIAR PR AR Sy, o B o 5 R I R T A R ARG AT AR A . AEQURE T
PSR . M-SR RERE TR, HTRREA. LY. R&%RHAE,
1 H et &4 TR BT RS .
SR B AR i B AR Bl v R I A SR R PR AT A B b bR e U B A A AT
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3y RALIRE

S PR RAIES, FARNBRRRSEANRSRTNER %
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%Eﬁﬁﬁ?ﬁﬁﬁﬂﬁﬁ%ﬁ%%o

79



A ST w2 1A 7S

4.3 HYM N REBWHERMAE D

4. 3. 1 REDBEHRIIES 4T
—. TEYTERX

PR L2 ERS), SREERR, At A/ R 55 Y 98 E B
HEZESRE . B 4-1 ARECERERR I SEREREMRET,
HEARN T A EEA KRR NER. B TERLHHE

A R E RS A4 THITH, HBREREAN 50%, HiEd i
FELRr i KIRE 2.

)
0. 030
E 0. 025
=
73 0. 020
S
0.0l5F
0.01 : | | L 1
0 5 10 15
T{d)
B 4-1 E ¥ A HAKBYER A B 18] i A4k
—. BN

VUSRI FLBE K R T BE RS (B T v . AR 78 B BN AT

R ASERERI T EYS, SFLEREEE, BUATRN . AN

80



WL A 2E A I8 3T

HRFELEFHMK, BEEHKRE, EE@ETHERBEE.
4.3. 2 RFHENTHE
—. VIRARPRRE h T E

VIR TR PR A& S ) RIS I E 45 R N ik r i PR AR 3 7, Semt e T3
EH, BRABETARZIRXERENBAMESE, wmERD. LTELRFPR
PRV S 0 R B (A TREE TR NEET).

= HEM P EBERFLBRKRE S E
HM L AP B ILEBR R E= SR =T R@EIE (3-57) XE

up )= [ 1 PRO, PP 0)dp ) R pYe T (42)

N(A)

Reh, p=l, T=‘;_g’, u(p,r YEREpHE, t HEMEBHILERG, LEs

o
HUE=E.
=. HEHA t TR RUNSEE
T A L GO 4 R R B R AR B, AR R R TR R ) AR
FiEA, RAEATE, BRHEKESFIBAKE D ERE AT RV HEK,
HEGIEN &P EFRN h e ER

O, =0 ,=0,=A1=(u(0)-u)) (4-3)
AF, w (O FRRERBALER p=1), t HEFEFLEE
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