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BEARING CAPACITY DUE TO PLUGGED SOIL IN OPEN-ENDED PIPE PILE
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By Yoshichika NISHIDA, Hideki OHTA, Tatsunori MATSUMOTO and Katsumi KURIHARA

Bearing capacity due to plugged soil in an open-ended pipe pile is analysed. A

mechanism of indentation of soil into the open-ended pipe pile is simplified making it

easy to employ the deformation characteristics of soil in the analysis, The modelled

plugging mechanism and the equilibrium of the plugged soil lead to an equation for bear-

ing capacity due to the plugged soil. The validity of thus obtained equation is verified

through a series of laboratory pile loading tests using a steel pipe pile penetrating a di-

atomaceous mudstone ground,
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Fig.1 Bearing capacity of open-ended pile.
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Fig.5 p-e, relationship in isotropic consolidation test on
diatomaceous mudstone (1 kgf/cm? = 98 kPa) (after
Sekiguchi, Nishida, Motsumoto and Uesawa'?').



PRSI O HE BRI & 5 3TRF

23
Kp=057
o 40r s
e 520
S :
g 155017
- 7
B 30+ Ke=013 s yteld
. ; 13 surface
g b :
1

4 9 12 7
3 i 1 /
_ 20+ Ho9 ’
[&} f ,/
g L 7 //
fo. /
[ 7
> ; 5 //
® {0 4
Z 133 /
g e/
= 1
) i

o L 1 1 1 1

o] 10 20 30
effective radial stress,
Or' (kgf/cm?2)

Fig.6 Stress path in K,-test on diatomaceous mudstone!®,

T T

20 v T .
0 Er={0%
a »=05% measured
o «=01%
15 -
10%

— calculated by

S o, &
2 o 5 =0.13+2150 55 |
6 05%
5 O.l% 1
h
o n
0 5 10 15 20 25

07 (kgf/em?)
Fig.7 Stress-strain relationship of diatomaceous mudstone

within elastic region.

0.13& »’=0.12 23 (8) IKfXAT 2 LA 28 5.
0 =0.130."+2 150, (kgf/cm®) --oovovvceninnns (17)
Fig.7 &, Wk o' /0 —~EDRF Z8EZRBRY

MRThH, Hbho7ay g, RO IIRES,

FROFTH e=0.1, 0.5, 1.LO% IZOVTHRLTNA.

KL, R (17) KR BEHEEARY. WEILITIE K

LTH Y, HERSOBES TOIEN-0 4 #5878,
K (17) TERINDIENDLB.

BUHFERICH I 2XBNEER (16) KBTI D K, &
CiZOVWTHRNS. K, 1220 T, Fig.6 @ step 12 1L
iz b1 2 OIS i e /o, &0, K,=0.57 A3k
£B6. RIZ, CIKOVWTEX D, Fig. 81, HH—F
ORGZMEFRBE I &> TR BB E OB
EBARERLULLDTH B, §IEH o7 =0 DH L,
HEEE I o =215 kel/om? OLRISHTHIBEL TV
5. 3. (2), b) THAK LS ICRBREBZLOMSH &%
BIEHOBEREZLEROTHIIBLEE ARV o
5, ZO0 g’=21.5kgf/fcm? % (15) ® C Iz L&
BLIESTEED. COLEIITLTRDTZ K,=0.57,
C=21.5kgf/cm® %, WEMERRIGIC 5 5 SRR A2 (14)

223

@ point of initial yielding
I x point of failure

N
o]

&
5
~N
5
E
30+ S
) ) 13
mh (520 it Odetals O Rl Oshaell O
o %
& 20h 7
E &
— '
& /
>
o lOF
2 67
E 7/
£
[+
O - 1 1
0 10 20 30

effective radial stress, Ot (kgfam?)

Fig.8 Yield and failure points in constant-; drained tests.

KRAT &Ik, klnskE s,

o =0.570,’+21.5 (kgf/cm?) -+ rroiiiiennninnn, (18)
(2) @M EEEREOMOERERISYE

Fig.912, B L — t (i) LHERELOBO
—HEABRRIC &> TR HBEREEIGH ¢ &AE
B U QBRI TH S, RHbrobhbd kHic, BAE
BIGH o, 10# 3 5 £ 013, BERTIZKEREMNICIEE
HlL ML, 20#%E o 0EFIZF—FEL 5.
1z, MABAEEIGE, BERH o & HAIBGIC
HBH LD, B, FEERIZ, 0.005mm/min & H Eb
DBTRBOVEANEETCIT -2 &N S, B
A, HkEAMICRHIET 2000 LY. Ok
DICLTRD e HBRIRE S MM ORI OIS FRBEEE A ¢, 13
30°TH Y, ROBEIIRY L.

= oy -tan ¢f’ ........................................... (19)
DlEs~c sz kriz, BRtoXRDEER (11)
BEU (16) 0B 5 TETHE, @B L0
TAWEBRIC k> THENERITKkD D L0 TE 5.
UL, A (1) 0Bt d () OEBLTR (16) @

20 T T T

On=3.2 kgf/cm?

shear stress, T (kgf/cm2)

05 <
=08
ON=04 »
ON=02
o ; . h
0 05 10 5 20

horizontal displacerment, Uimm)

Fig.9 Direct shear test between diatomaceous mudstone and

steel plate (FHFH - BICI - A7 - M1 - IRHE' 2 & 5).



224

EM B ZHRET HDINBEL o) OfF (3 (12) 25H)
i, SHRBICL o THRETELVLEDTHSH. RE
T, HERE RO TERERO T P VER
HEEZTV, (ere & 02’ DWEHEIZODVTEET 5.

5. HFESICHZMENDETNEFRAR

(1) HBREESIURBRHE

Fig. 0 KB ABEBEOBMELRYT. WH 7LV — 4
EBIHBRA7 ) 2 —T 1 v FEROTENB@ARIC
S BWEARITH12. MEFHEBEAESR, - FLre
FATNT =il k->TMEL 2. BFIVIE L THE
D=22.05mm, PN& D;=20.68mm OPWE % H 1.
hEEERHT L, BERIRE % HE 30cm, & 40 cm O
HICEB LU b0E2RD, BBRPICFEERELZVL R ICK
Bagt, MBI SHRE2ERES, AEb LU
FTFHEOT T RPKIEE LT,

20 (TestA & TestB) O#HREBAMB A
& BB OBHEBBKENFEE Ltk Hic, BARE
0.3mm/min Ty 1z, Test A ¢k, B - BEuEE
DRLENES, BANEEIPKUcmIZ 5 F THZ
BAUL. TestB wix, Test A &EREICET - BT~
BOBELLEHOHDBEART- 2. 2L, BBRHERRE
BTHE, BRIEROBROCH SBEEE2T-12. BH
TREVER<ICE, SR, H Y F RV EREERNIC

load ceH———[EJ

universal Jomt/‘

screwed jack

frome

dlol gauge
ipe pile —«]
pipe p F
¥ N

e

H o LH
o |

Fig.10 Test apparatus,

bearing capacity, Qa(kgf)
OO 100 200 300 400 S00 600 700
T T T T T T

—

Test A

embedment length, Licm)

@©
TFJT [T 77V W1 T
NS S TR T U A SN Y BUUV U S U

Fig. 11 Bearing capacity (Q,)-embedment length (L) curve

obtained from Test A,

PEH - ACH - RAAS - BRI

BALCENT 2T E CHIVELS S W) ke
AU,

Test Bk, BRLIKLBHEENF L E VS DSML
Test A ERl—&MBTH b0, ZD2ODRENHE
HEOZEN Qn ZEERITKD 12,

(2) &R

a) XEH-BEABEE

Fig. 1111, TestAlZ BT AEHRKN Q- IBANES L
DOEFEERLELOTHSH. BEKEOY /ST Y FEIIE
IS, EoBEAROITNES U SIE, BRERIO
TRHEHICEEF-KLTWBIEL S, BAEEO3
mm/min ¢, MWBAETZLLPKIRELL->TNWEEE
xohb.

Fig. 1213, TestBIx B 52X Q& BANESX
LOBEZERLIELDTH S, BRLEV/TORINT
WA, BEEROTNEA Y S, BRERTOZRD
FhaigoTnb

b) BRIOXEN Q. LHEANK D/L OBf%

Fig. 1313, TestA & TestB D 2 > D #HHRER» &
BERTOTEN Q2 ROBFEZRLILEDTH D,
Test AIZB U BEFFN Q3 (1) TRULIZKDIZ,

QAfoa+Qﬁ+le .................................... (20)
ELTEDbaNS. —F, TestBitb\THEANT2E
DBEVTH SERE L& & ofrhilis v &% Fig. 13
FIZOAICRLTWS, Z0EEXHN Q1 BRL
DEHEN Qu VDT, ROEHIEDENS.

QBZQfo+Qm ............................................ (21)
B ZBMETH710 Qry QuB LT QuMPZhEFN
WY THEOTEBPERTELLRTETS. CORE®
LI ANDEHE, ERNLEOFEDINE Test A & Test
B oRB&EFE—CTH 510, ERNLTOZENT Q.13
X (20) & (21) OEELTKES.

Qr=Qs—

CDEIICUTKROIZEALOXIREN Qu ERANE

bearing capacity, Qg (kgf)
0100 200 300 400

Test B ]

embedment length, L(cm)
[+

1

Fig.12 Bearing capacity (Qj)-embedment length (L) curve
obtained from Test B.



B aNalalalial P25 vl

L/D OB % Fig. 13 RiIc AR CRELTH B, HEHD
MKECIERT 228 Qmid, TestA, Bizbu b
L/D=00t&0XFHEHELTKESE. COZHELREN

(=45kgl) PRARKICE ST —ETH D E/ETH
i, SEEEEBICL5FENQ. 14,

Qm: Qs"‘ Qm ............................................ (23)
LB COEDIITLTRDE Qe ZRPIZOHI TR
LTwa, Bhobhd k5, BANLD/LHY¥ 2R
BETE, QuB LU QpdBANKLOBINE &4 1218
MLUTWad. D/LW 2R EIC A& Q, DBMEBIZK
ELRBN, QpOEMRITLIZWVIT/NILZY, D/L
=541l08bL, REFNQILLHD D Q. DEENT
HEEETEL TS, AERICBOTIE, HBIZH 5
HEREEZS 2 TOEWORIIVEREERIC L 55k h%
FTREEMR/FCTELVWTH A DM, HRESHR IS
I LIAE N RENORESR I 28Rt
TN Qu OEBESKENC EAEBICRELTVS S
DENVZD,

c) BWLtES H EBALK D/L OB

Fig. 14 1%, Test AliB i 2ANEX L &ENLE
SHOBBRERLIELDTH B, MEELWONED
THEYEETTALLTWAE. BARK L/D»2 T3,
BALEIELENTESHEZ—HRLTWan, L/D
W2~2.51C8BEERNLTDO EREENNILE-TL
%. O L/D=2~2.5%, Fig. 13 B0 TERNTOE
B Q. OWIMBHA K E < L VIR HRAN LT T E—

bearing capacity

Qa, Qs, Qfi, Qfo (kgf)
00100 200 300 400 500 600 700
T

| ]
e of -
|
~ 3F .
o
B af .
<
Q 5f 1
) 3
6F Qf Qs Qfi Qa
7 1 1 1 1 1 1
Test B
Q 1 rQ
fo fo
)
Qonl 10 Qel o
Q= Qfo*Qpn Qa=Qfo*+Qfi+Qpn
Qfi=Qa-Qs

Fig.13 Bearing capacity of plugged soil {(Q,,) obtained from
Test A and Test B,

225

BLTwEh 5, BENTOMEIZLETEN Q8%
B b 2860 EEESRE LN 5.

(3) BRLOZHHXORE

AKETE, TRNDEERICH TS (e (R (10) %
ZH) & oo (R (12) 258) ORFEHEICONT, &
mickA @GR E L &I, EEEZRA 5.
Fig. 1513, HERECHST2MENOBEALICELS
IRHNEEREKRkDDE70—F v -+ 2RULIELEDTH
5. £, H/D, D/NINESICIE, BEEBIcE T2
THHAX (1) 28H35. X (11) b, 4. T
KFE->TWB K, =0.13, »*=0.12, K'=830kgf/cm?
(8.13 MPa), y*=3.4%X 10 *kgf/cm® (3.33X 1073
N/m?), ¢,=30" 5 L UHRWE D,=2.06cm #{LA L,
z=H &< &, ®EAVKE 5.

Qﬁ:ﬂ654ueﬂf+00ﬂ[exp(&3§%>—l](kgﬂcmﬂ

10 12

L/D
Fig.14 Relationship between embedment length (L) and
height of plugged soil (H).

| BERS SN o MELOT AL O L |
| b
S

1
SRR

¥
¥ & B g K
0, =0.570, +21.5 (18)

!

o % b A& v R
du,’

]
EEE
0," =0.130," + 2160¢, (17)

=4 o tand vy (@
D;

dz
(#4°=80" , v'=3.4x10"‘kef /cm®)
BOR % & BLAE I S o
0g,/=0 at z=0 0,'=49.9 at %{7:2.5
EALOXHED ay HFRLOXRA o
{16541(Er)e+0.02} x 3.24exp ( 1.32H )
{exp (—0'3H ) —1} (24) >
D, ~37.26 (28)
e EL
(11) ‘ (24) (16)———>+ (286)

(6.0.=0.27%
Fig.15 Flow chart for determination of bearing capacity of

. plugged soil in diatomaceous mudstone (stresses in
kgf/cm?).



226

2T (e)e D%, H/D, /NS VEB (H/D<2.5)
TOFEMEIT 4 v T B EHICEIE (6).=0.0027

(0.27%) &72b. CORROT AL, BNLSHO
WE (0.69mm) D3.9% ZUEEFANCEKE AL
ZEIZELL.

H/D, k& OEHICHL T3, BEESOTRGE
® (16) ZHA LT, K,=0.57 BkU C=21.5kgl/
em’ (210.7kPa) (X (18) 2&K) 2RA$ 5. 20O
& AT R & DEISIARMEE LT, K (24) iob
WC H/D:=2.5& LTKEBHHEH

,=49.9 kgf/cm? (489 kPa) at H/D;=2.5---(25)
HHEWS &, ROBRIZLS.

gr=3.24 exp(1.32 H/D,)—37. 26(kgf/cm?) ---(26)

Fig. 16 11, DlEO ko IcRp ik Esfic s I 58
NI DB ¢.{=4Q,/7DS) LEBERLE X HDE
FEEARREHBLUZLOTHS. L, ENLEE
S H ik, MWE D, c#l->TERGIELTWA, ERIIC
dhif, H/D;=25Lkicnss&, bS¥raERLE
S HOBIIZ &> CTERNTOERHN ¢, 38BuTEXT
LI Bb, BERMEE, H/D>2.5Dqs& H/D;
OEBROEAFERE LS KRDOLEBLZE¥DYP 5.

22T, Fig 16 shORME TR U L HIFH I, BHRRS
MR T OFAREARBR B 3 B BRIGH ¢, DRI

(37~47 kgf/cm? (3626~4606kPa)) TH5. Zhid
R (26) KD H DI o & WA o kT
S (R (25)) BT BIEH (49.9 kgf/cm?) 1T
LTWBHLDTHD. 2O EiE, BRNLESIPH 518
EErokax<nusds, BRI LBTENL, HE0Y
BHIISEULL BB EABRLTVA. TIIHERD
BETIHHTHBRLTLES ZEICEHLBROERT
HHH. £LT, Figleicsrons &5z, H/D,>
2.5 EICBOWTHR/AN2BUIENL TV AHICH
LHTERTIEIVHF VRN LEVEVSHERSS
HBUB&DITs5.

Qi =Qu/TDY4)  (kgf/em?)
0O 20 40 60 80 100 120 140 160
T

T T
s : e measured
i — theory
2F H p
.~ 3F 4
[&]
:} 4+ yield stress in |z 4
plate loading T
5F test Di|[H
I it A
6 Qi
7 L L ) L L

Fig.16 Relationship between bearing capacity of plugged

soil (g,) and height of plugged soil (H) (1 kgf/cm?
=98 kPa).

P - KH - A% - R

o calcutated

& measured
6k | (in Test A) L=H B
Qal L K B
T Di|lH
A0t
oL L o4 |
i e L
[oX] i 10 100
L/D

Fig.17 Consolidation of plugged soil.
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