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Influence of Pile End and Shaft Post-grouting on Bearing
Characteristics of Super-long Cast-in-place Pile
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Abstract: In order to study the influence of post-grouting on bearing characteristics, pile shaft friction and
end bearing capacity of super-long cast-in-place piles in Wenzhou area, 2 friction piles and 2 end bearing
super-long cast-in-place piles on a viaduct are chosen, load cell and strain gauge are installed respectively on
the reinforcement cage, post-grouting work is carried out at the end of the pile and the side of the pile within
a certain time after the concrete pouring. Static load test and axial force test are carried out on the chosen
piles before and after the post-grouting, and the date of pile bearing capacity, pile shaft resistance, pile end
bearing capacity, and load-displacement relationship of super-long cast-in-place pile are obtained before and
after the post-grouting. The calculation and analysis are carried out according to the test data of the test piles.
The result shows that (1) the bearing capacity of the super-long cast-in-place pile can be significantly
increased by post-grouting at the pile shaft and end, and the axial displacement of the pile can be

significantly reduced under the same load; (2) the post-grouting at the pile shaft can significantly improve
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the unit resistance of pile shaft, but different soil layers of the same pile and different piles in the same soil
layer have certain differences in the amplitude of improvement; (3) the effect on coarse-grained soil is better
than that on fine-grained soil, the post-grouting can mainly be used to improve the unit resistance of pile shaft
on coarse-grained soil; (4) for the influence of post-grouting on pile end, the end-bearing pile is better than
that of friction pile, the influence depth of post-grouting on the pile end is limited, the post-grouting should
be mainly used to improve the deposit at pile end and the nearby soil layer of end-bearing pile; (5) post-
grouting will not change the load transfer rule of super-long cast-in-place pile, and the pile shaft still needs to
be gradually developed in layers, but the pile load-displacement relationship will become slower. In order to
improve the pile bearing capacity and reduce the pile foundation settlement at the same time, post-grouting at
the pile shaft can be preferred for super-long cast-in-place pile first.

Key words: bridge engineering; bearing characteristics; comparative study; post-grouting; self-balancing
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Tab.1 Physical and mechanics parameters of each soil layer
+J2 o KR R, EBTPRSREE (BT WAL sk
S ERAK RUEE/m e U Rmdm -
' Kt/ % (g+em™) WIEESE M/ (°)  BiEH1/kPa BRIfE(E/kPa EX i
®, #+ 3.279 41.7 1. 80 1.159 9.1 18.5 24 0.8
@, W ~1. 640 67.8 1.57 1.970 2.9 7.1 10 0.8
@, W -11.360 63.5 1.59 1. 840 3.3 8.2 10 0.8
®, #+ -21.490 42.5 1.74 1.256 7.8 16.6 32 0.8
@, MEF+ -37. 440 31.9 1.90 0.913 12.5 26.0 50 0.8
®, MEFL -49. 180 34.7 1.85 0. 996 10.5 20.5 50 0.8
©, MEFL -51. 460 32.8 1. 86 0.957 10.8 20.7 50 0.8
©, EHEELMEE -51.800 — — — — — 60 0.8
©, @RfkEExRA  -57.700 30. 8 1.85 0. 930 14. 1 22.6 56 0.7
O, WRILEKE  -58.630 — — — — — 100 0.7
O, PRAEERE  -59.480 — — — — — — 0.7
*F2 XIEEEER
Tab.2 Overview of test piles
TR FEF2/mm HET R/ m MR/ m B /m 2 byl %id HRER SR 2
S, -1 1200 3.279 -64.721 68. 000 O, PRILBER A Ui TR AE JE i
S,-2 1 200 3.279 -64.721 68. 000 0, RSB E S 7R b fznu J5 3,
S,-1 1 200 3.279 -56.721 60. 000 O, &tk FEERERE T, R
S,-2 1200 3.279 -56.721 60. 000 O, EF+ % JEE T -7}‘2}%{& iK
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Tab.3 Grouting parameters of end bearing piles

S, -1 S,-2
e/

GaclE h) HROKIE LALIE S/ HEROKIE KRR T/
A/t MPa I/t MPa
1 SZ, -12.721 0.967 1.99 0. 968 1.74
2 SZ, -24.721 0.987 2.00 0.970 2.10
3 SZy -32.721  0.991 2.50 0.975 1.30
4 SZ, -40.721 0.980 1.27 0. 980 1.00
5  SZ; -48.721  0.962 1. 60 0.979 1.62
6 SZg -56.721 1.025 1.94 1.048 1.50
7 MM -64.721  3.050 1.52 3.135 1.21
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Tab.4 Grouting parameters of friction piles

e S,-1 S,-2
P55 i THOKIE ZALIES)/, KR KRR/
JHHE/t MPa A/t MPa
1 SZ, -12.721 0.963 2.19 0. 967 1.66
2 SZ, -24.721 0.976 1.00 0. 967 2.58
3 SZy -32.721 0.966 2.30 0.973 1.93
4 SZ, -40.721 0.982 0.97 0. 964 1.50
5  SZ; -48.721 1.002 3.40 0.975 2.30
6 MRS -56.721  3.689 1. 66 4.632 2.59
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Fig. 4 Distributions of pile shaft lateral friction resistance
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Tab.5 Improving effect of lateral friction resistance on each soil layer of end bearing piles

HAALANBE 7 & $5 {8 /kPa
() Sy- 2RI E ISR

EEBH 7 & 4546/ kPa PR %

W + 5 S2 N S,2 RS-l R 2 FERIEH S S -1 EHIE S, -2 S, -1/8-2 (}_éﬁ)ﬁ
T e 4] YIE L S, -2 HHT

G,-G, @, R -0.5 -0.8 -1.6 220.0, &3 60.00, EtZ% 140. 0

G,-G; @, litike -1 -1.49 -4.2 320.0, &% 49.00, EMS%H 184.5

G;-G, @, Fi+ -11 -16.5 -30.3 175.5, &% 50.00, RH 112.7

G,—Gs @, Fit -23.3 -35.5 -51.4 120.6, 5 52.40, RH 86.5

Gs—Gy @, MEFi+ -48.6 -72.5 -93 , KM 49.20 70.

Ge—G, &, Mgt -70.3 -112.5 -130 , RH 60. 00 72.

G,=Gg , FEME AR -66.7 -97.6 -121.8 KH 46. 30 64.5

Gy—G, (0, s XALEE KA -78.6 -135.5 -149.2 , RH 72. 40 81.

Go=G,y 10, HRALEE A 295.3 428.3 527.2 , RH 45.00 61.
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Tab. 6 Improving effect of lateral friction resistance on each soil layer of friction piles
A1 RHL 3 2 ¥ 4B/ kPa PR %
Wi + R Sl BH SRR S,-2 R S,—1ERIFL S,-1  S,—2 MR S,-1 S,-1 F1 8,-2 ifﬂﬁﬁ
AT T AL S, -1 HEKAT
G,-G, @, itle -8.5 -8.8 -9.6 3.5 12.9 8.2
G,-G; @, litike -16.8 -17.0 -18.3 1.2 8.9 5.1
G,-G, @, %+t -58.0 -71.8 -78.7 23.8 35.7 29.7
G,~Gs @, #+ -69.2 -86.6 -96.6 25.1 39.6 32.4
Gs—Gy @, Mzt -82.1 -120.8 -127.0 47.1 54.7 50.9
Ge-G, &, BEEi+ 151 193.7 184.5 28.3 22.2 25.2
G,-Gy, ©, ¥EF+ 141.3 183.9 197.1 30. 1 39.5 34.8
Gs—Gy @, &ML AR 150. 4 190. 4 208.0 26.6 38.3 32.4

Ui EME S, -1 A S, -2 A M4 A1 )2 ok v KAk B
K, MRS TTLUE N, J5 3 i AN 4+ )2
BTN B 7 H v RO B, H R — AR BN TR £ )2,
PIR A L2 R FIAE, R IR A —E 25,
UEAh, W Bk b s e A A B ARG, SRR
s R ME P BEMEZE B M B DL R Se kA T R,
- BOE A EERE ) R N EAR ) 3 S, -2 BB
BE 25 b S, =2 1 A 1 SR S 22
fH, XZBEZLL S, -1 HHIGH S, -2 AT
TR IS 2 Vo HT

FEYERE S,—1 F1 S, -2 MM e )1 2k & Btk +
Ak, M6 WLIA Y, BRI B Fo e
U, RETERE, RS, -1 MS,-2 F¥EHIMHE,
S, — 1 AT L MR AT 0, S, -1 AERY A+
JETETER I B O BH ) = s R A B e, HR] —
PEROARTE 2, DU ) 2 b R TR, 3 0 1 e
JEYIAR — 2 22 5, WA JE T 2RO T T A g )
RH 77 2 R R AR B

G S~6 W LIE W, BEARBEM S K AE R
e AL BERE Ty, H R —AE RN A )2, AR IR]
TEPHARN, RENRENA 2R, EZ
WAL R R T, AR B AR £ A 48 R
JER TR 4 A4 = R R, B v S E DA s A
PARRE 4= B0 ==
3.3 MEmA A K IFEFHE

W WE S, -1 F1 S, -2 4R A4 ik & h
-62.92m, FEEHEIE 1.8 m, & FEWAHHEREN
-63.52 m, FEEMHIE 1.2 m, iR S, -1 AHREEAHF
S, -2 fy AR M = RO - 46.60 m, B S HEIK
10. 12 m, #x FENAIT RN -55.52 m, FEEHLIR

1.2 m, ML, ¥ T 285 A A A S
ST AR AR Ty, il S Bras, REHE S, -1
FUS, =2 AT BEL g i 2 o0 268 1 ) 48 o SR A 22 4 Pk 1
T, E T 2R B B MRS A, far R A 1 n 22k 1 A4
KEB o AR A, I HE S, -1 A1 S, -2 By bk BH
JIREAE INERAG B 5 ik & B TR,k e 2
PEBSHE AL I, T B 0 M BE S b i BE ) & 4
kst BE 7 o B far 2R B i, TS

18 000
16 000 |
14 000 |
£
2 12000 |-
g&\i—
2% 10000 [
= so0of
E 6000}
—.— S]-l
40001 e 2R
i 1 1 1 1 1 1 I+ISI-2:{I:‘I:>7Iﬁ}i;
2000 6000 10000 14000 18000
far FLAR N AH/KN
(a) RIS - VRIS -2 35 FHL 7 R AFAH
4000 [
3500
Z 3000]
o L
& 250
& 2000 -
R
= 1500 -
*®
1000 | e So-13EHEAT
sool S S EH
0 . . . . )
2500 5000 7500 10000 123500
o R AE IR AB/KN

(b) )R IGAES - 1 RIS~ 24 3t BHL 7 &A% AE
5 RIS IR BE PR iR A FS Bh 2k

Fig. 5 Resistance-displacement curves of test pile tips



9

PRIk, A A BT O S T X TR AT AR AR R 5 ) 149

MR 3 A 22, AR A 2T, B8 FEE AR v S i 1Y
kS RE 7 o AR S S 1 o b AR AR i 2R R
PR I R AR BRI fr 48, AT R B T 5 T 3R X
S ARATE ) i BEL 7 1) B2 v R 50% ~ 100% , % JBE 452
ok Ao A S BEL 7 2 TR 3R 50% ~ 68% , ARTETT 484 T
TR MR 5 B T 6, S A ) g 8T %) e 137 A% Al
iAW

4 Zig

(1) SRS AR S 0, AT s K
TETERER Rl ) R4, TERIRER AT & AE T, BERY
B AR I RRAR, MBI ERSECER SR
P, AHSBOERMCR A —E 25, B XA
) e OT T T 290k, JF % B2 5 R JT
JENEAALTEN

(2) HEMIG 2 RES g A AEMIBERE g, ER]
—HERATE 2, LR IR R T R R, 4R Y
R — s 22 5, SR B R BUHDRL 1 A9 $2 5 iR
JERTARL L A4 e i B8, AN S v SR R L BGE R
DPRELRE - FH o 5

(3) B T, bR bE, A 5
AIEE R B T 2920 50% ~ 100% , % EEfEERE, T4
ARG 1 298 50% ~68% , i i 14 K R M R AT
B, AR v R ] T O s AR UL IE 2 e B
SRR

(4) HEHKATIG, HHE TEAE AY fi 2015 3 MLEER
KA, LI BN RO G 00 )= B
KA, AR S - R R ARG, X T
MEACHEE ML, B ST RO S T, DL TR ik 3
Ji v BT AR ) AR INE B TR Y H A

(5) HPHEREPTE R0 SEPs bR
S, B LN BOE AR O ARME [ i o8 4 & %, —
TERERE 1 FRA T 1SRRI B AR 3 B ORI
HESCR ] B B0 IS T SR AR B S i S
PUEVERIW 0 32, &= FIWr o, DU T00 28 it
OrBCRIAERLALAE o B, A SRRSO, AR IR
e s kT LRI .
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