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Study on the Vertical Pile Capacity of Base-grouted Pile
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Abstract

Static load tests were performed for open-ended piles, closed-ended piles. piles with grouted toe,
and base-grouted piles by using calibration chamber. Then vertical bearing capacities determined
from load tests were compared with each other. The stability of base-grouted pile during a
simulated seaquake was investigated by changing the penetration depth. Also. static load tests and
seaquake tests for 2-piles and 4-piles group were performed.

The bearing capacity of the pile grouted inside the toe was 11.2~30.8% less than that of open-ended
pile because of reduction of base resistance due to disturbance of base soil under pile toe. The bearing
capacity of a base-grouted pile was 23.8~33.9% more than that of an open-ended pile and was similar
to that of a closed-ended pile. The bearing capacity of base-grouted group pile was increased ; the
bearing capacity of base—grouted 2-piles group increased 14.6~31.8% compared to that of open—énded 2-
piles group. and that of base-grouted 4-piles group increased 153~ 22.4% compared to that of open—
ended 4-piles group. During the simulated seaquake in deep sea. stability of base-grouted pile was found
to be dependent on the pile penetration depth. During seaquake motion, single long base-grouted
pile longer than 20m was stable and short base-grouted pile shorter than 12m failed. But relatively
long base-grouted pile longer than 12m kept mobility state. Bearing capacity of base-grouted group
pile with penetration depth less than 7m was degraded a little bit . so, base-grouted group pile

could maintain mobility condition.
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2! 1. Load-settlement curves of bored piles with grouted
toe and base-grouted piles
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H 1. Plan of static load test(single pile)

Test arkj Rela’rjve—r Confining Pile ty Static foad

estm density( %)) pressure(kPa) pe test

T1-0 0 O
T1-C c

T1 50 2 O

TiI-G G O

T1 - G(B) G(B) @)

T2-0 0 O
T™-C C

T2 50 35 O

T2-G G @)

T2- G(B) a® | O

T3-0 0 O
T3-C C

T3 50 60 O

T3 -G G O

T3-G(B) G(B) O

T4-0 0 O
T4-C C

T4 50 120 O

T4-G G @)

T4—G(B) G(B) O

where, O Open-ended pipe pile,
G: Plug toe-grouted pile,

C: Close-ended pipe pile
G(B): Pile grouted below pile toe

I 2. Plan of static foad test(group pile)

Relative | Confining | .. Static load
Test mark density(9)| pressure(kPa) Pile tpe test
T1* - 0(2) 0 @)
-
- 5 0 aB) | O
T1* - 0(4) 0 O
TI* - G(B){4) G(B) O
T2*—0(2) o) O
N LoRDIC] e S N e
Sl c | O
T2' - G(B)(4) G(B) O
T3 —0(2) 0 O
-G
- ®B@ " GB); O
T3 = 0(2) G O
T3 - G{B)(4) G(B) O

where, mark”: group pile
mark(2): 2 group pile, (4) @ 4 group pile_
O Open-ended pipe pile. G(B): Pile grouted below pile toe
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X 3. Seaquake test plan(single pile)

Confining Seaquake shaking test Static

Relative] P r(e:ézu)re o/ Sléz;t(;c Amplitude Frequency load
density Quit (kPa) test
(%) (%) Ss:fo;ie DeeplShlo after

20135160 Qu sea | sea Hz  |seaquake

sty 50 |O 95 O 21 25 O
s2| so |O s O 14 25 @)
83 50 O 9% O |2 50 O
S4| 50 O 9% O 9 50 O
S5f 50 Ol B O | 50 O
S614 50 O % O 11 50 O

¥ 4. Seaquake test plan{group pkie)

Confining Seaquake shaking test Static
pressure Static -

Retative|” (0a) | Y| oaq |ATPILCE ey | 020

density Quit (kPa) test

(%) (9)| Derore after

7 onlasleo seaquakeDeep Shawl e
sea | sea quake

UV 5 o % 2 25 O
@ o
?g) 50 10O %| O 1| 25 e
?f) 0 {0 B O |a 25 e
S 5 1o % 9] 25 O
0 o '
=
ol |0 |8 O 50 e
%‘
@ 50 Ol || O 11 50 @)
o
wl Ol |l O |a 50 O
o ol |s| o 12| s0 o
?3) O O |2 50 O
S(‘Z‘; 50 ol 5| O 12| 50 e
S&‘) 50 ol | O g| 50 o)

where, mark’ group pile

mark(2): 2 group pile, (4): 4 group pile

172 H15% $28F - 19994 47

33 AE Xt

2R YA mIPYAY Aule] H=E
dAA FAF ¢ d=EF 7] A8 Fahe
ole] w2 AHUEE FAsg o 53 2
A AYY) AP 2 YWY 23+ £5%
AxY QA% 7M.

A e o] F (Filter paper)E& E¥ =X
waiee] M3, 2R 2 o) 3d 9 (Rainning
method)oll 2J3] A3t =¥ARE FAA
7F49t AA](Pore pressure senser): TS A
chalpel Rmew Ao wjAdsisle. =8A|Ht
AbR. 2ol FE] 9 o] (Filter paper) & 23, 1
2ol 200 Hu}(Mesh)& o]Fo=2 7Zo} %3}
Al vl (Back pressure}ell &3l Al®7} whA
2% 94=% et % Alojel AL oF lem
A2 7ol A APA F7|57E PR\l
Z AdE 4 A A Ex AR 5715
Yoy 25 233t AFPZaN Ala
o ALY FT7E WEAZS. 408N AT
(Rammer)% 380mme] FololA A HEHAIA

& 814 #JE Bl Al 50mmE BHA
%l*e ZA 8k Al 30mm7HAl FYAH A
AL FolztFeste] A 2AlY F
4% F3o| hASHA el A ]A(Dial
gage)2} LVDTE AX|3le] A3} AFA| T5F
Bel A A stdd A A A
3} 3FE Te|dA 1A WiHI} & WA
7198957 As 3 7S A
o wet st st dsdE] AsFL 7S
st wirt FAFRA 21 A s
A% Z7HAZG. FeEs AAHE 4+ US
g7z AseEe F/HARFE 35S AA

At

2e1eRe ARTSE Yeb BUD F B
52 oA (Auger) 2 F33)e] TEhoEL 31Y

ot 2y I EE A F o sl 4
doz AW FAA Aelz dd BF
Aoz REl ol AL L ohs) T5 A
o SRR ukE o)Azt wetM, F&4E
A% T AMcio 2 HE] o 2D, BEAR| S



WED F7z FZ4d F AsAe) ARES
FYsle] 298 w7 (Mixer) 24 FHE
Aed7tx] Y Ald E (Soil-cement) el 2 EF
st oF 1AI7F ol %ol A Al T4 7te)
3,19 B AFAZ F upEE 35S 96
A 3 et AAAES A E
gEe] 7 AP NDEES gelstn
At R u7tA] aet$Ed £ F8E5s
ARGt FEeEe] %5%e D A
Ak F, Asie sl FAFEE sine A3
2] A1 Z(Amplitude) S ZAA 57| 8] 7 (Cam)
2] Ao g Ao, 25 E3lod F
7158 23 Aulel] AGA A} ojdf, Ry
o] Fwol] AAE ZFEpMIAME S A
AYF 255t A F dEmE A3
F& 34 WY A2 S A A
Y gEF HAAHE A3l A 93
HEAAE A7FE FA A
208 FAE-L U FA17H o] 274em7} H
71] ‘%LE} Tt dAsieled, vizy %
2 Ha7rA o] 195em7t HA el #3lsled
"éﬂﬂ“rf} aeteE 3 AR HE A S
TS ARG LEEY @A Age
209 oz = 7H% TEES gelsta Ad
SE-A bR eleE sk 3 A AA) )
AL AAEH :‘}EP-’?—‘" ZAstds. 3
ko] 9% wHEU AHTE AR
(Amplitude) #} F71& AAEe] ol =z =
A 7py AAANHE pIYsiglon, m Y
FHe AA" 35S SEAM A A
HEe) =58 LA Fha e s

& 34 WY 2472 2R A1 AY
Z ZYUT AUE 39 W) B 7

o). a7 AY PaF
of el ozt W=
=3 s}9iek.

AU E AAls
o YEAAY A

6 NEZT U 2

AL 50%<) 239 2P| kel fE T

suse 4712 B @
@ A% Bh= 49 .v_a}T NE

AR aehed Bl deiel 4 2
JURE WAG SF-F% FHE TR
m, o] THELNE A4 I AFE A

HE v gasisle, w2 49 9

ER —Er*‘da}ait} 2 27112} S %Mﬂ
2550 GANE AAFAYT NS
saale] 7 B4E Bl - RS

10 r-lJ mlo

41, OiH|AE 2t 3 BY

F5 FEUY OkPed FEAA Foldl o
xAe]l dF-As} A (Load-settlement curve)
2% 5o vehisieh @l71A. Log P-Log S
o auzan AR A5e VAR
© 2 WA De Beer(1967)u}o) 23l A]
Aot s AddEd vsA x|
Aol 0%ETelm BHE ARE 2o
9 BEL -9t Ao BE Aol
7} UMt o] g AdEe AHE FHA] I
=9 wRow skl 499 IR 29
3 oolz alste] WE AT shyAlo] olsky
FE U7 dEoldct wEty, IE Mot
¥ aobees Astd esld e AR 7
Aol Hekslo] AN B B 7
Hx Zadlglen Z BAle] bl =d], o]
T AEY AUz o FHd ¥H A
QoAb TR wEe ANGe
ARTE ARG 1wl on, B Ha)
FE o wuRE BAAA ol AVYF
ARFASL FAN AHe s AgrA e
aekeE godel wEel AL Heln]

mlo

_mﬂﬂ

Rejel AAY 31 £} oIS Aoe
gasglort A9 sk 2eke9E 25 A
A o) AuEe xma e 2 gg

Bl wE ARSRRAYL 22k o)
Ao 27HY FhsAel e WAY
s151ek.

o
_{‘\_

BEEBTEERTE 173



Load(kN)

Settlement(mm)

'\

w
U S

—a—P2-O(open-ended pile)

4 —e— P2-Gl{pile with grouted toe b
—m— P2-G2(pile with grouted toe \
- #--P2-G3{pile with grouted toe -

5 | =PGBI ibased grouted pie) . o i

12! 5. Load-settlement curves for pre-test piles with
grouted toe and base-grouted piles{double
tube type)(Confining pressure =60kPa)

42 e MAHSAE AR U 2N

AL =rt 5042 E31d Rk 49t
o] 20, 35, 60. Z1.2] 1 120kPaz HEAAAT A=Y
FAEE At o, 7493 60kPad w9
a5 -3t %*d:% 28 6ol eI A
Lo g 2 LEE2 I3 AAHE v
w3t =& 5ol Vehfgich

20, 35, 60. 18] 1 120kPa®] F&3tellA] =Hiwt
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Load(kN)
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%
b
!
4 L |

—¢e— T3-O(open-ended pile)
——— T3-C(closed-ended pile)
—m— T3-G(pile with grouted toe)
5 = T3-G(base-grouted pile)

L PO

12! 6. Load-settlement curves(confining pressure:
60kPa)

H 5. Bearing capacity comparison for pile with
grouted toe and base-grouted pile(single pile)

] Increase and
Pile type Confining : Ultimate decrease for bearin
pressure(kPa) | Load(kN) |~ capacity(Q/Qs %)
TI-0 | O [ 26 100
T1-C C 3.6 138.5
20
T1-G G 18 69.2
T1-G(B) |G(B) 33 126.9
T2-0 (6] 49 100
T2-C C %5 6.4 130.6
T2-G G 34 69.4
T2- G(B) |G(B) 6.2 126.5
T3-0 [e] 5.6 100
T3-0 C &0 7.2 128.6
T3-G G 46 82.14
T3-G(B) |G(B) 75 133.9
T4-0 (0] 143 100
T4-C C 172 120.3
120
T4-G G 127 88.8
T4-G(B) |G(B) 177 123.8

where, O Open-ended pipe pile. C: Close-ended pipe pile
G: Plug toe-grouted pile, G(B): Pile grouted below pile toe
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0 10 20 30 40 50 60

Pile head displacement({mm)

Elapsed time(sec.)

(a) Pile head displacement~time history

T T T T T
o~ (Near seil surface) : 1
= ]
@
by
=1
9]
9]
1%
¢
=
o
)
a,
P N R A i S HEREPE G | PO—
0 5 10 15 20 25 30
Elapsed time(sec.)
(b) Induced pore pressure-time history
T2l 7. Seaquake test results for a pile installed in

simulated deep sea(S1, confining pressure
=20kPa, amplitude of seaquake=2ikPa, and
frequency of simulated seaquake =25z
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Elapsed time(sec.)

(a) Pile head displacement-time history

]

T T T T

:(Near soil surface)

‘ | " 10kPa
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(Under pile toe of soil) .

|<—>i

Pore presssure(kPa)
. vmw«.—[::ﬁ ?

! i 1 L

10 15 20 25 30

-

o
(53]

Elapsed time(sec.)

(b} Induced pore pressure-time history

3% 8. Seaquake test results for a pile installed in
simulated shallow sea(S2, confining pressure
=20kPa, amplitude of seaquake=14kPa, and
frequency of simulated seaquake = 2.5Hz)
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(a) Pile head displacement-time history
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‘a (Near soil surface) L’
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a,
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pr——— I o i s R

Elapsed time(sec.)

(b) Induced pore pressure-time history

2! 9, Seaquake test results for a pile installed in
simulated deep sea(S3, confining pressure
=35kPa, amplitude of seaquake=20kPa, and
frequency of simulated seaquake =5.0Hz)



2 259 sIAE FUATIA £33 47t B
Lo}zl = 715-(Mobility) AFel& F=)35td ).
A48 60kPaql A3l (Deep sea)oll A&
At sty dEo] AAHE zhEZ|
asken], WA, kA g Ael (Stability
condition) & #X|8te] H{HFHA] sl o LH
o] sl A HHAAE = 60 293l

¥ 6. Seaquake test results on single pile

St | 8 | 83 | S4 | S5 | S6

Relative density
(%)

30 50 50 50 50 50

Confining

20 20 3H 3 60 60
pressure{kPa)

Pile penetration

7 7 12 12 20 20
depth(m)

Sea depth(m) | 232 | 185 | 230 130 235 155

Stability F S M S S S

Remake Fig4.7| Fig48 | Fig49 |Fig.4.10| Fig.4.11| Fig4.12

where. 8! stability condition, M :mobility condition, F:failure condition

44, FE=2| Mot Y, ST Mg Hut

=4

Al x 50994 E£3}% 2|l FL91S
20. 35, 18] 3 60kPaZ WA A7 27) 2} 47)
2 FAE L5 H3 AP L S35
aqem. 7M. 20 FLE| d3 sF-s
F4& 17 109 JeRTR 3714, 9T=)
A8} Zre] Log P-Log 89 &N FHoIF§
Ao 3}Foz FUAXYE T3+ De Beer
(1967)ub ol oJs)A AR shedc)

Z5o] 27 (B)e] 40.35mme]3, 2H=d &
TE A WH FAZ ZHH(s)o] 2740mmE
s/B7} oF 6801, 42q LTE WE FA]
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o w3 d5 gljles QI Wxe] Fike
g 123 3~358T) 283 S8 9= 7}

12 14

Settlement(mm)

—&—TI* o(z) 20kPa

6 —e—T1*-G(B)(2) 0k
—B—T2*-0(2) :35kPa :

7 | —l—=T2*-G(B}(2):35kPd........ i .
—a—T3*-0(2) :60kPa :

8 —-—T3* G(B)(2):60kPa| 1

2! 10. Load-settlement curves(2-piles group)

Aoz wWAHAL efYoz A% FHasts
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Pile head displacement(mm)

_12 H 4 1 i 1 1 i 1

0 10 20 30 40 50 60 70 80

Elapsed time(sec.)
(a) Pile head displacement-time history
T T T T
E TR S <Nearsoﬂ ..S,L.l..r.f.aé,e). ......... e J
g i
5]
= LA
5 1
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(2}
w0 N
2 : : :
e (Under pile toe of soil)
=t e . :
<]
o,
1 1 I ! 1
0 5 10 15 20 25 30

Elapsed time(sec.)

(b) Induced pore pressure-time history

T2t 11, Seaquake test results for 2-piles group
installed in simulated deep sea(S1*(2),
confining pressure=20kPa, amplitude of
seaquake =22kPa, and frequency of
simulated seaquake = 2.5Hz)

Agle AMRA ez w5 wert 4z
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Ridaabeis )
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4 220mE FAREREE Als(Deep)ell M) 33
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(a) Pile head displacement-time history
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(b) Induced pore pressure-time history

12! 12. Seaquake test results for 2-piles group
installed in simulated deep sea(S5%(2),
confining pressure =35kPa, amplitude of
seaquake = 20kPa, and frequency of
simulated seaquake =5.0Hz)

H 7. Seaquake result on group pile

deii;)tll(v;) prei(:frlgérl‘«lg’a) ti;[ne g:gtit(r;) depstiz(im) Stability
S1*(2) 50 20 7 235 M
S2(2) 30 20 7 185 S
S3*(4) 50 20 7 245 M
S4*(4) 0 20 7 130 S
85%(2) 50 35 12 230 M
S6*(2) 50 H 12 155 S
S7*(4) 50 3 12 232 S
S8%(4) 50 3H 12 160 S
S9*(2) 50 60 20 235 5
S10%(2) 50 60 20 160 S
S11%(4) 50 60 20 130 S

where, mark* :group pile
mark{2): 2 piles group, (4): 4 piles group
S: stability condition, M: mobility condition, F: failure condition
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