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A Study on Bearing Capacity Reinforcement
for PHC Pile Foundation Using Post-grouting
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Abstract

In this research, post grouting methods were applied on PHC piles, and static load tests were conducted to confirm
the effect of post grouting on bearing capacity enhancement of PHC piles. Grouting pressures of 1.9 MPa and 3.5 MPa
were applied, and bearing capacities of grouted piles were compared with that of non-grouted pile. From the static load
test results, the bearing capacities of grouted piles were about 3 times higher than that of non-grouted pile. In addition,
the design efficiency (allowable bearing capacity/nominal bearing capacity) increased from 32% to 97% after post

grouting, and the axial stiffness of piles also increased by about 1.3 times per grouting pressure.
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After grouting

Displacement
(a) Factor 1: Stiffness enhancement by pre-loading at subground
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After grouting
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[~ Residual stress of grouting
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(b) Factor 2: Increment of residual stress and skin friction by
pile compression
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Displacement
(c) Factor 3: Increment of end-bearing capacity by the grouting

Fig. 1. Concept of post-grouting method
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(b) Eliminating pressure before curing

Fig. 2. Load-displacement behavior with post-grouting
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Fig. 3. Boring log of test site
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Table 1. Borehole loading test results
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Fig. 4. Apparatus and procedure of post-grouting method
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No. Depth Deformation modulus Elastic modulus Strata N value
(m) (MPa) (MPa)

T 18.5 295 414 Weathered rock 50/2
20.5 314 430 Weathered rock 50/2

oo 18.5 241 374 Weathered rock 50/4
19.5 254 394 Weathered rock 50/2
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Fig. 5. Plan and picture of load test using reaction piles

g

o
ek
)

gt PHC It JI=2| XK= 3 21 ¢ 21

=



RSl T4 L] 7B o 3 ek 5= Ao, T1Eke-d QFE 3.5Mpa7ztA] =i ¢to]
9] 7|5 ujet YRt 2EHE AHES E-AHEH] 83% AT T AAY FHaWt SHE AS 7d
2 v ESIATHKLHC, 2010). ZFal=, vighe] 83%2] 3 2= 9l9lr}
AA L] - A WHEA] oF 10MPa 0| F=g
TEst= 2w HuE ot 42 M5t A A}
A 42 Ao 2=2he-Eet 1L.9MPas A&
T TP2 W59 79 AFHe7E WAysA gten, BAsE A AaE vige 2 ZF Al B 3Es)
3.5MPas 21-83F TP3 W52 749 ARFHLI7F oF 0.3mm T B S S 2 FEsE FE2E 7
2 e A Ytk o] ks FAel w = AA7IE HEKGS, 2015)°] HAIE SH5-3 34
o] FHAA Y 2sHA] o= 2[Rl Fig. 62 AR ARAsHEE 71 BARS olgste] 245t
TP22} TP3of| A &] T12he-d FUA] AlZbe] whE =%t Aok she-etAl 249 B9 sk 9AE sk
o, A, AAHES UERd el e O R EAIRE &, 27] AARRe] AR &
Fig. 60f Uehd vie} o], & A9 ®st/dol ZBAF el A o] wol st st &St
1" FAeke] HakR T FARE 2SSl 4 Toz At skt £49 A sksAlst
AU} o= T1EeE F=AA o5 e ikl g Y A F& 5 AlstAg ol ARt 2F otds U5
o] Aol Glo] W Mete] dAsHA FU7F 79 PRstger dAstdon, ARstE 4ol w5
= Ae et 9, a=ke-E ohElo] 3.5MPagl 2749] 2.5%¢91 12.5mm ¥ wj¢] 52 FEI}FoR
TP3¥] L9 Aol dels A AAIE 74 275k
s1717F o gtk 21 olfi= & AtollA F=Astel Hlst TP1 2HES] A2 5=A5}A] 1,960kN 7}2] A5} &
of HrisHA & &% HZE o]8sI] Yeoew & s Alststal, o] hAstsls 2,352kN7HA] A
Eh 2 Aol s AAES Bt T5 At skatgich. i Aslels: 2,352kNe] o] =27|714] & st
FAE 2o d F=AAY F A RISk TP2 T2 3431mm, SHSAIY T2 5 AlsE huAl RSt
o & FYUFTE oF 290L, TP39] F FUF oF 398L FE 30.18mm7} EAYSEGIT. b gt FHA] WY
Rom, Tehes AT 1EheE 9 ARAE < 5ol 549 & 552 1,160kN, 970kNo| 3o
FE FRAIEZA A S7FskeiTh ol ek FHE 25 A-85ko] 27 S80kN} 485kNO.= 5]-§-5}
g FUAAREES 2eke" F=UATE I Aol A% & A% HFu and Zhou, 2003).
AFsh= A onjgtch webs] 2ol S7ketel w TP2 59| 7 s5AIstA] B0 Ask-AA| 5t i}
W= Aol 2y FAATE mEehe @ g flo] HhAstels 3,136kN7HA] Aststdtt. 2|t
o] F7Fsto] A xut AFanrt S7HE A 7] 51515 3,136kNe]| o] 27|714] & sl 16.24mm, ¢
e o= ATk 2ekeE =Y AuE uiEe R, 2 | FAHES 421mm HAYSEE Al TS TP2o] 49

P13} ) s Aal o Alo] Agdom Zrlsigon

(Fig. 7), %5 Wste o)A Fuslse 2437 $)a
712 etk 12.5mm et uj$- 27 waslArkFie
8). ol H AakslE W] ol o] PBo)
WS ororon), mrEe] x)x2o] o AfakshE o4k
Qe ojujgieh. npebd AFE TP20IH L HTjAfs)
szl QA& 202 HE3 1,568KN 0|4+ WEe] 5]

()2umnioa pappmuny

Instantaneous flow rate/grouting pressure (Mpa)

= — il

s e s @ s @ s TP3 0] A9 5HEASHA] 524 31o] Walo] o
Time (min) R

—— TP3-instantaneous flow rate {Mpa):TPZ-accumuu‘;l’etlvalwne(() —TPS-accumumlea:alwne{l)“ i Ag —S]—Oq UE}—‘E:Z‘_‘]%:‘—‘?—‘ ‘q\—“\‘_‘g XH oﬂ m’q‘%% 7]’ ‘?—:I:Ag —S]—“Ii‘ .:diAO]‘

Fig. 6. Grouting test results o] YElEtTt o] 1,176kNoj| A 3= A stE FXA|5taL

22 g=AgtEstel==d H33E He=



~o-TPI(NonPG) ~ —&~TP2(Pmax=1.9Mpa) ~—e-TP3(Pmax=3.5Mpa)

Settlement (mm)

Fig. 7. Load-settlement curve

35

30

25

20

Settlement(mm)

15

10

5

35 40

0

0 400 800 1200 1600 2000 2400

Load(kN)
— TPI(NoenPG) TP2(pmax=1.9Mpa)

Fig. 8. R-E curve

2800 3200

TP3(pmax=3.5Mpa)

St Alsket &, oAl [ Astsks 2,940kN71A] Y
stk o1 At ZtAstslE 2,940kNof| o] 277t

A & Bl 7.06mm, 25}

22 (0.77mm 2HAY S}

STk AIRLE TP3O| A9 TP29} Zo| 515524l

o] 7&7I7F AR

=7}s19 0

w(Fig. 7), &2 %

sl A sl A 7125 12.5mm Eot

o5 2A ST Fig. 8). E2,
= skeolA el stgo] P2 T

Fig. 80 Ui} %
ol 4 o] sl

= ol 27 Lysiged, ol Ao AstslE W
Yol A THE FEo] HIANEER] oFQFo M TP2 HHE EE}

Fualgo] Ak ﬁ%

oM HEAAH T
o7 Asalrt

olujgiet. wheha |

qL= TP

2 THIE oﬂ ;(4.9_ S| 1,568kN o]/ll—

Table 2. Axial load capacity for with and w/o grouting cases

T
=
Z
Ol
b
2
o
o~
o
—_
ifle)
_|.4
Hr
_\_

=249t 327 ‘3}‘2‘11’% *é%‘ A} Jehe-w WE(TP29} TP3)
ol aﬂxmew w1278 TPl Vsl 2 3
ol S7tstl e, T= XHE_J 74ty AAFES
90% o|Aro & Z7lE|= Aoz vEelyth o]= &
ehoY FYOE clsto] WO FuAure] Ak
Wgo| Zhasha, AgLe] 47o] $7tel] whal
o2 gotEtiPooranampillai et al., 2009)
W7PULEQ] TP2S} TP3 W AfatAl o)A
| MRS oot 2|8 SAgate] te 4
foll WAZF 9ot 2 el s el
715 Béote] WRe o5 A= vlast
7oA LERLHE Hhet o] ek lekat )
Sold48 513 st 34 712717 Frheke
2 Bgom, o 7jE ATAEY AnekE A%
CHMullins et al., 2000; Bustamante et al., 2009). ©
| E515 4ol AWS ofulstel, 4P
51| Jebe grEow Agshs
A A1

.
oX, 01:0
oo oo

rO

1

d

1.

off

A
' W Ok

o

(]

—

N;erzo&iru

o

o ot m N T
o O @

ol
2

]_

: %

X

o
i

2,
fr
Hir
pauy =
o

olN
oy
b
e
L
5 e
]IO
T L o
w2
fn L
N
)

i
2
it
2
o
ull
o
o
ol
o
N
1o
%
N
)
{12
el
2
o
2
o2
ol
o

N
ol
ol
f
%,
1o
N

o
N
Ll
E
rSL'
i
J:_
o
o
a:)
ol
o
jatal
ofi
W

—
& ]
(¢]
(0%]
rlo
o|N
o
i)

¢

/d94 71%71‘ﬂ %‘%‘fﬂ: 70**é(AXlal stlffness) e A
8

st A4 H](Stlffness ratio)+= 111}—?—510 THS Ao
AR g 2 AR BT B
stiffness) 412] H]&E APt om AP 4] (2)
o 2t

No. of Grout injection Grout injection Allowable load capacity (Allowable load caDzzli?n/Ne;;Ci:we;C;/xial load capacity)
pile pressure (MPa) flux (L) (KN) pacily (%) pacity
P-S curve 580
TP 1 - - R—E curve 485 32%
Average 530
TP 2 1.9 290 > 1,568 > 97%
TP 3 3.5 398 > 1,568 > 97%
J2tRE JI¥E &88t PHC IHY J|=x9| XX &2 g1 27 23



Table 3. Axial load stiffness results for with and w/o grouting

cases
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Fig. 9. Grouting pressure-stiffness ratio results
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