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Lateral Resistance of a Pile in Rubble Mound

Kunio TAKAHASHI®
Yukifumi IKKI**

Synopsis

Foundation piles of piers are always surrounded by rubble mounds. Although the
rubble must restrict lateral movement of piles, its mechanism is not clear, and the
restriction is not taken into consideration in the design of the piles. In order to
evaluate the restriction, a series of model tests have been carried out, where a lateral
load is applied to model piles with various bending stiffness, breadth and shape (plate
and cylinder) in model grounds various in density consisted of rubble with various
maximum grain size.

Main conclusions can be summarized as follows :

1) PHRI method of analyzing lateral resistance of a pile is valid for a pile in rubble.
2) The influence of bending stiffness of a pile and of repeated loading on lateral
resistance characteristics of a pile in rubble is similar to that in sandy grounds.

3) The results of a field tests shows that the lateral resistance of a pile in rubble

mounds is small and can be evaluated as C —type ground of PHRI method.
Key Words : Pier, Pile, Lateral Resistance, Horizontal Load, Rubble Mound, Labo-
ratory Test, Earth Pressure

* Chief of Foundations Laboratory, Geotechnical Engineeering Division
** Member of Foundations Laboratory, Geotechnical Engineering Division
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(1) SRR OLH

BE-2i1, EFRHERLCHEER TS, BRI,
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THEMSHITER LcBaolmiFo a0 moRELT
S5 ENTED, Tt, DFRY -V, B—ESK>
XABBED I THD, 47074 T —VETREEX
COTHEAET B ENTES, OFTHF—IVBLY
) — FEIE, =R+ R X > THREAREBEIK 3 -
FavIEATVWS, £/, ) - FEI, HTRLOE
ganThHoMficah, X4 v F ¥y 72 22N LTH
ERCEREINTV S,

$7-, FiscL7oEERE, BiEE/NS<T s
L= MROBDERAVTVWAY, BEMDO LS KRR
REBIBATORBRYRBIT>VT ORI EMZ 5 19
2, BE-30L I NHEROGER LI, 4k, HEN
Icid, OFBF—IER-TOVRL,
FHERER L - RO#ETER— 4 ITRT,

(2) BEEWLOKRTE

HRICEN EBERRORERRBREZTY, HEXN30
FTALOMFE— A v FEEHT 3 OICHERRESREK
BLUERREOMITEIM (ED 2KHi, RERRT
3, BROFBENEEZEREL TEDLRATRERCES Z
THADI T ICSE I B L, Thick > THRE
LEOTFABLIULbEERAE L, 28, BERIE,
WAL &g 2R (FARBEHEED o kick¥E
KBV, RERBREZEGERICO>WVWT 2E T STV,
KRR, WEFRHICDVWTRAIEES WAV T R EZ
O — DI NETCOFES N BHIFE— 4V I &
OB%, 1, #HEIME (ED koW TEREFEREL
t-bADOBFREEL, BN_FEEHAVWTEEL/, K-
61, FEBRICBVWTRE AWV, HlE B=10cm,

t=9mm OHOREDPERFNERICE T B0T S
Th oM, FUOTLSF -~ VPRIFREZRLTVWSILE

Bhh b, ib, ZOMOMIKSVWTHRREHERTH-

7o

BEE-3 #5 GEEND

x-4 EFRCEHRLAROET

o Lﬁ(j) Bﬁ(ci?) ﬁcnjlg) (kgfl::]cm’) ¥ -8 W%
1 121 10 1.2 2.614 * 10°¢ 17 & |’ (SS 50)
2 ” ” 0.9 1.208 = 10°¢ ” ”
3 ” ” 1.6 6.571 * 10° ” ”
4 ” 20 1.2 5.832 = 10° 4 ”
5 ” 10 0.6 0.311 = 10° 23 ”
6 "o 20 ” 0.662 * 10° ” ’”
7 4 ” 0.9 2.306 * 10° ” ”
11 ” 10.16 8.1 5.501 * 10® 0 & & (STPG 38)
12 ” 21.63 8.2 6.104 = 10° 0 ”
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BLOBEHICE T 2R ABOFE

o T=41713kgf B}
x  T=80.292 kgf 6§
x\—§1' -G |

H-6 HREKOVTH27

2.7 £BY—ZR

ERBRY — i3, HBIcHoWT, BLGHAAL DS £
hooFEHEAY, BRAKE (Dmax =40mm, 80
mm), BE=y v F (CE#R) skU<v v FERK
(BE, B OREXEEBTEI LS CEEE2EE
Lo £7-, HERBICBALTIZ, WiE B (ED, &
LU, B GREE) KoLWTRNEMASNS LD
L7,

EEHIZ, 7L - FROERRICOVT, PittlRdT
o547 — %, BAOHO—HMBGTCT -2 —
2, BIBicB i 2HETH 5 _BROMBEHET, Bk
BELLDOTBHBRELLLD5 y—2 &, EHEAR
L=y v FREKROBEIC LD T, — R T, 337
F—2ThHo, WERIT>WVWTE, 67— 2 TH 3,

BERICE I A EREN B L UHBIKELS &2 —#,
BB LUBERE ST, ThEhEKX -5, 6,
7SR,
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BRRERR » FiESR

£-5 —HRHIBOEREM L L UHBRHE

B Tmex h it & % #
Case &
No. (kgD (cm) Y e HBOBEE KK (Dmax)
. S100— 1 | 2 58.84 | 20 1.405 | 0.89 | B “@v" —&
s105- 2 | 2 83.28 | 11 | 1.499 | 0.77 | B@n"—
S101— 3 2 79.08 | 11 1.477 | 0.80 | B ‘& —H
-8100-26 | 2 | 193.86 | 11 1.489 | 0.78 | B @w” —H
s100—27 | 2 | 175.52 | 11 1.489 | 0.78 "
G100— 4 | 2 87.66 | 11 1.418 | 0.84 | BFE“EV" —# (0mm)
G105— 5 | 2 98.95 | 11 1.481 | 0.76 | BB @mu"—8 ( 7 ) .
G100- 6 | 3 | 193.89 | 11 1.429 | 0.83 | BE“@w"—& ( ~ )
G105— 7 | 3 | 225.60 | 11 1.490 | 0.75 | BRE®mE"—8 ( ~ )
G105— 8 | 1 | 142.87 | 11 1.490 | 0.75 " C 7))
G205— 9 | 4 | 293.00 | 11 1.472 | 0.77 ” ¢ 7))
G205—10 | 7 | 201.50 | 11 1.495 | 0.75 ” ¢ 7
G105-11 | 5 57.65 | 11 1.492 | 0.75 | ” C 7))
G103-12 | 2 | 104.17 | 11 1.514 | 0.72 ” C 7”0
G205-13 | 7 | 176.30 | 11 1.503 | 0.74 ” ¢ 7))
G205—14 | 6 | 107.20 | 11 1.499 | 0.74 ” )
G105-15 | 5 51.33 | 11 1.467 | 0.78 | ®F @ —B (80mm)
G105—16 | 2 | 113.40 | 11 1.506 | 0.73 v ¢ 7))
G100-17 | 2 82.33 | 11 1.390 | 0.88 | BF @B —& “Omm)
G100-18 | 2 88.48 | 11 1.371 | 0.90 ” (80mm)
G100-19 | 1 | 125.97 | 11 1.346 | 0.94 ” ¢ 7))
G200—20 | 6 98.53 | 11 1.348 | 0.94 ” C 7)) ‘
G200—21 | 4 | 292.44 | 11 1.678 | 0.89 ” C 7))
G200-22 | 4 | 303.28 | 11 1.304 | 1.00 ” (40mm)
G100-23 | 3 | 195.31 | 11 1.365 | 0.91 ” (80mm)

&) ¥r—221~23, 26, 2TRBVTRETREE2T->TW 3,
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HoBEitiIc B 2 R GREDOEME

xR-6 _BHBROERRMHLIUHIBRHE
n Tmax h Hi B % #
Case % -
No. (kgf) (em) 7 e HBOBEHE B (Dmax)
G100—24 | 2 | 15642 | 11 | 1.491 | 078 | ® /& 90cm
___________ 1.280 | 1.04 | BB 20cm 40mm)
G100—-25 | 2 | 19421 | 11 | 1.490 | 078 | ® /& 80cm
_______________ i 1.424 | 08 |2 %B 30cm 40mm)
G100-28 | 2 | 19586 | 11 | 1.527 | 0.74 | ® /@ 90cm
o T T 1319 | 089 | #BE<9 v K 20em B0mm)
G100—29 | 2 | 19441 | 11 | 1527 | 0.74 | ® /& 90cm
T T T ate | 011 | BB e v F 20em (@0mm)
G100-30 | 2 | 19586 | 11 | 1527 | 074 | ® M 90cm
__________ 1173 | 126 [ ®<=v v F2em
G100-31 | 2 | 19541 | 11 | 1.537 | 073 | ® /8 90cm
__________________________ 1.326 | 0.97 | #B< v F20cm (80mm)
G100-32 | 2 | 19641 | 11 | 1.493 | 078 | ® /8 100cm
T - 1.653 | 0.58 | #FH=% > F10cm G0mm)
G100-33 | 4 | 292.44 | 11 | 1.475 | 080 | ® /& 100cm
T 1482 | 076 |2 & B  10cm B0mm)
G100—-34 | 4 | 29269 | 11 | 1.475 | 080 | ® /& 90cm
N Y 1.410 | 0.8 | 2 GE 20cm (80mm)
G100—35 | 4 | 29244 | 11 | 1.475 | 080 | & /& 80cm
"""""""""""" 1.360 | 0.92 | R E®  30cm (80mm)
G100-36 | 4 | 293.43 | 11 | 1.475 | 080 | ® /& 90cm
T T T T i 503 | 074 | R v K 200m B0mm)
G100—37 | 4 | 29343 | 11 | 1.475 | 080 | ® /@ 9cm
e 1522 | 0.72 | BE= ¥ ¥ 0cm @0mm)

H) ¥—R24, BBV TREFAEZT-> 720 -

®—7 BENOXRBRENS I UHRRHE

L7 Trnax h i #® % #“
Case &

No. (kg (cm) 7 e WBOBH, KK (Dmax)
G100—51 11 387.26 11 1.390 0.88 Ba 8y —8 (80mm)
G200—52 12 583.88 11 1.390 0.88 ” «C )
G200—-53 12 584.87 11 1.387 0.88 ” (40mm)
G100—54 11 391.74 11 1.405 0.86 ” C 7))
G100—55 11 587.74 11 1.479 0.80 B ‘ELC—B
G200—56 12 587.86 11 1.490 0.78 ”

W) 7 —251~56iIc BV TREFRIEET >
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3. REBRR

3.1 | E

HERy — 2L, BIETRARILEBYTHEH, TIT
Ry — RO&BEBEL, ¥—XTEOHBRMHEL LD
HELHBITITA L5 aEL, —BRic L, —#
Bt ob0ER— 8, RABAE LB
boER—-9IC, FEHMEAV b OEER-10ICTh
ZHhRT,

FikEH
x£-10 WELAVLHRICBIT S
KBy — AR

#oB' & #
B A V)

Dmax =40mm|Dmax =80mm

oo #E T
NEANEl B

(mm) | (em) | (B R)
11 | 8.1 |10.16] 55 o4 51
12 | 8.2 |21.63| 56 53 52

No.

-8 —RHECHIFBER, — AR

mn oo #E x it i & s
No B =z ] B P (Dmax =40mm) | A (Dmax =80mm)
| (em) | (em) | #BW s B g’ w ® Q g © RS
5 0.6 11 15
2, 26
2 0.9 10 1 3 97 4, 17 5, 12 18 16
1 1.2 19
3 1.6 6 7 23
6 0.6 14 20
7 0.9 20 10, 13
4 1.2 22 9 21

) RPOZVIGHED ETORB VA, FLR20cm Ficy v/ '— T 5 ERED B 2R3,

®-—9 “HBHBICBITAIERY - 2R
no#ET v v v FER 3 #® % 1
No E. ] B E | B B w B oa &gw
" (em) (cm) (cm) (cm) | (& %) | Dmax =40mm | Dmex =80mm
10 80 32
40 31
2 0.9 10 20 80 30 29 28
130 24
30 130 25
10 130 33
4 | 06 | 20 20 40 87 36
130 34
30 130 35

BREBREFTSBAIE, MRS RORE 5 &8
BUci B &S5 CBRET SOBBETHBH, £5LTH
HHOAE S b5 0ERDS B, ZNl3, DHBOES
ERBY, BME—E—FEORENRKEVI EDD, K
& LB ORI O ATE OMEI N T/AE VI &,
BEOEL OBES I & SHBHTEMERB B EBED

RN S B, Licti-T, SEl0fERIE, 3y -
ZOEBRIC LY, EEOFHOEELEEH LGRS
TEOLABIEAFRILADDEEL LR TRELK
W,

ZCTR, Y, ERXBoNLTFT-9H56, It
FAENR L AWM EOBFRB L UM E— 2 ¥ F 3O
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HEBTH 3,
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(1) —keizpifBch g
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ti/m* ThH 3, BHER, y¥—R1IKDPWTDA20cm
EL, AR 1lem TiT-%o BE— 413, i
FOEBRKHTH 5,

TR AR & AR E ORI, B-71R8h3 &
S EIH L CRIFRETH Y, BERLEHEICX
LCHEEEEE X513, LiE5 4 — 2 OMNER
HTOMBELNER & MBAREORMGKRER - 8 IK/RT, &
fz, W E-—2 v AHO—HELT, ¥—-226%K
L b0HR-9TH 3, HESHEMT SO0 T,
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FBNWEAETIEBBEIEBDN S,

BHE-4 DHEBERRE

350

300

250
5
= 200
&

150
'S

100

50

o L
) 10 20 30 40 50
AREGR (mm)
B — 7 HERZS LR & SRR E D BALR
350, ;
. l |
300 #i2
. H—Z 01 @B

® 20— g yozmemn
= 1 sr-zecEme
T EYETE 1,

1s0l— ©#-zz7 gE"

B ad

(o] 10 20 30 40 50 60 70 80
HRELR (mm)

R-8 HEREMNER L REEEOMER (D)

(2) —HuBLBbhOES
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A3E, B-1005, “S0” HBDES BIRBEEMER
BREWT EMbh b, £/, -1 ofhiFe— 2
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T(10) =1 16.48kgf
801 £ T( 9)= 97.83kgf
T( 8)= 79.23kgf
T( 7)= 60.14kgf
T( 6)= 50.24kqf
T( 5)= 40.49kgf
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T2V I RTERM LI, BAEBE20cm &30cm D
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BEREVWEIAILH B, £, DRSOHBIERIGEE
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BREL, TORET BESE Immax BFEL > T,
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